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ABSTRACT
Real-time measurements with high spatial resoluttere conducted using a pollution-
free mobile monitoring platform (MP)—an electridwee equipped with fast-response
instruments for particles and gases—on routesarstbuth Coast Air Basin. A series of novel
findings resulted from our studies in West Los Alergeand Downtown Los Angeles, including
Boyle Heights, and in communities adjacent to tbgdof Long Beach and Los Angeles in
connection with the ARB-sponsored Harbor Commusilonitoring Study (HCMS).

We discovered that in the pre-sunrise hours, thgaots of vehicle emissions from a
major freeway, including ultrafine particles (UFBxtended approximately a factor of ten
further (~3000 m vs ~300 m) than during the day. dR& NO concentrations were strongly
correlated with traffic counts on the freeway dgrthis period, but differences in mixing cause
pollutant concentrations during pre-sunrise hoarse greater than during morning and
afternoon hours, despite much higher traffic coattfhose times. We associate the elevated pre-
sunrise concentrations over a wide area with aumoat surface temperature inversion and low
wind speeds, and believe this discovery has impbegposure assessment implications.

MP measurements in Wilmington and Long Beach shadieskl truck-related pollutants
such as black carbon, NO, and UFP were frequeldiyaged 2 to 6 times within 150 m
downwind of freeways (compared to further away}y] ap to twice as high within 150 m of
arterial roads with significant diesel truck traffiwind direction was a major determinant of
impacts, but elevated pollution impacts downwindreéways and arterials were roughly
proportional to diesel volumes on the roadwaysresatly constant for extended periods. Thus,
persons living or working near and downwind of busgdways can have several-fold higher
exposures to diesel-related pollution than woulgteelicted by traditional fixed-site monitors,
which are sited according to USEPA criteria intehttieensure measurements representative of
air quality on a large neighborhood scale.

We measured real-time air pollutant concentratamsnwind of the general aviation
airport in Santa Monica. Elevated UFP concentrati@ere observed extending beyond 660 m
downwind and 250 m perpendicular to the wind ondtvnwind side of the SMA takeoff area.
Aircraft operations resulted in spikes of highlgwted pollutants, and mean UFP concentrations
elevated by factors of 10 and 2.5 at 100 m andne@@wnwind, respectively, over background
concentrations. BC levels were similarly elevat®&ak UFP concentrations were correlated
(r*=0.62) with estimated fuel consumption rates fer dieparting aircraft. Our observations have
potential health implications for persons livingangeneral aviation airports.

In connection with the HCMS, we conducted the Ha®ommunities Time Location
Study (HCTLS) which integrated traditional recaliny activity logs with GPS tracking to
document the patterns of 47 adult residents of@djdcent communities, areas heavily impacted
by heavy duty diesel trucks. We also conductedotiagnof PM mass and number inside
HCTLS participant residences during baseline arndirberviews, yielding the only indoor
pollutant level data collected during the HCMS.eT@nhanced time-location database generated
from logs, GPS and follow-up interview data sigrafitly improved the amount (by a factor of
2) and quality of time-location data collected tgh recall diary activity logs alone. HCTLS
participants were largely low-income, Hispanic wormeého on average spent about 89% of their
day indoors and about 7% traveling. About oné fdt the participants resided within 200 m of
a heavily-travelled roadway or truck route. Onrage, participants spent about 5 hours per day
near roadways with high traffic volumes.
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1.0 EXECUTIVE SUMMARY

1.1 Background

Within the past decade it has been increasinglygeized that widely-spaced
monitoring stations often lack the capacity to eleterize localized high pollutant
concentrations and steep concentration gradieisisg@from stationary or mobile
sources. Yet extensive evidence continues to asladenfrom all over the world that
such localized high concentrations and gradiemsatically important in determining
human exposure at the individual and sub-commueitgis, and that persons living in
close proximity to sources such busy roadways eéspee increased morbidity and
mortality.

The ARB-sponsored Harbor Community Monitoring StueBs conceived in
response to the enormous growth in goods moverhemigh the Ports of Los Angeles
and Long Beach over the past two decades, anes$idting dramatic increase in air
pollutant emissions in and upwind of port-adjacgrhmunities, especially from a wide
range of diesel sources. Subsequently these ameare extended to Downtown Los
Angeles an area also heavily impacted by goods memerelated-activities, including
heavy-duty diesel trucks and other mobile souraed,to certain sources in West Los
Angeles. This research program was designed in@address those concerns.

1.2 Methods

Real-time measurements with high spatial resoluttere conducted using a
mobile monitoring platform—an electric vehicle witlh emissions of its own—fully
instrumented to measure concentrations of partarelsgases. Pollutant concentrations
were monitored on driving routes in three locationthe South Coast Air Basin:
communities adjacent to the Ports of Long BeachlarsdAngeles in connection with the
ARB-sponsored Harbor Communities Monitoring StudZ\S); West Los Angeles;
and downtown Los Angeles, including Boyle HeighRoutes were chosen primarily to
investigate three environments: on-road for a wadee of surface streets and freeways;
near heavily-traveled roadways, especially thogk gignificant diesel truck traffic; and
residential neighborhood areas with little or radftc.

Measurements were conducted to investigate thevdegbles expected to affect
the impacts from mobile sources, including timelay, day of week, season, and
meteorology, especially wind speed and directiBollutants measured included ultrafine
particles, black carbon, particle-bound polycydiomatic hydrocarbons, nitrogen oxide
and nitrogen dioxide, carbon monoxide and carboride, many with a time resolution
of less than five seconds.

In connection with the HCMS, a time-location stwdys conducted for 46 harbor
community residents, largely low-income, Hispanmmen, using both a traditional daily
log approach and GPS recording of time and location



1.3 Results

1.3.1 Near-Road Air Pollution Impacts Due to Goods Movatre Designated Impact
Zones

A mobile platform was outfitted with real-time inginents to spatially
characterize pollution concentrations in commusitidjacent to the Ports of Los Angeles
and Long Beach, communities heavily impacted byehuty diesel truck traffic
(HDDT). Measurements were conducted in the wiatef summer of 2007 on fixed
routes driven both morning and afternoon. Dieskdted pollutant concentrations such
as black carbon, nitrogen oxide, ultrafine particknd particle bound polycyclic
aromatic hydrocarbons were frequently two to sixets higher within 150 m downwind
of freeways than further downwind) and up to twoes higher within 150 m of arterial
roads with significant volumes of diesel traffic.

While wind direction was the dominant factor asatezl with downwind impacts,
steady and consistent wind direction was not reguio produce high impacts, which
were usually observed whenever the wind directiacqul a given area downwind of a
major roadway for any significant fraction of tim&his suggests that enhanced pollutant
concentrations downwind of freeways and of busgrals occur on one side or the other
of a busy roadway, depending on wind directionchSmpacts may also occur on both
sides of the freeway for very low wind speeds arduirection parallel to the roadway.

The observed diesel truck volumes in the area atixere more than 2,000
trucks per peak hour on the freeway and two- tehsimdred trucks per hour on the
arterial roads studied. Assuming similar impaasuo throughout urban areas in rough
proportion to diesel truck traffic fractions, pemsdiving or working near and downwind
of busy roadways can have several-fold higher sieomt exposures to diesel vehicle-
related pollution than would be predicted by ambraeasurements at fixed-site
monitors.

1.3.2 Wide Area of Air Pollutant Impact Downwind of a lEsay During Pre-Sunrise
Hours

We have observed a wide area of elevated air poitudoncentrations downwind
of a freeway during pre-sunrise hours in both wiared summer seasons. In contrast,
previous studies have shown much sharper air polgradients downwind of freeways,
with levels above background concentrations extepdinly 300 m downwind of
roadways during the day and up to 500 m at ni¢yinthis study, real-time air pollutant
concentrations were measured along a 3600 m triapegeendicular to an elevated
freeway 1-2 hours before sunrise using the eleeéidcle mobile platform described
above.

In winter pre-sunrise hours, the peak ultrafindipla (UFP) concentration
(~95,000 cri?) occurred immediately downwind of the freeway. wéwer, downwind
UFP concentrations as high as ~ 40,000 extended at least 1,200 m from the freeway,
and did not reach background levels (~15,00F)cumtil a distance of about 2,600 m.
UFP concentrations were also elevated over backgréavels up to 600 m upwind of the
freeway. Other pollutants, such as NO and parbolend polycyclic aromatic
hydrocarbons, exhibited similar long-distance dowrixconcentration gradients.



In contrast, air pollutant concentrations measwrethe same route after sunrise,
in the morning and afternoon, exhibited the typataytime downwind decrease to
background levels within ~300 m as found in eastedies. Although pre-sunrise traffic
volumes on the freeway were much lower than daytiorgestion peaks, downwind
UFP concentrations were significantly higher dungomg-sunrise hours than during the
daytime; UFP and NO concentrations were also styargrelated with traffic counts on
the freeway. We associate these elevated presgucwncentrations over a wide area
with a nocturnal surface temperature inversion, Wand speeds, and high relative
humidity.

Given that vehicle-related pollutants can peneirateor environments,
observation of a wide air pollutant impact aresgsidential areas downwind of a major
roadway prior to sunrise has important exposuressssent implications since most
people are at home during pre-sunrise hours.

1.3.3 Observation of Pollutant Concentrations Downwind@ahta Monica Airport

Real time air pollutant concentrations were measdmvnwind of Santa Monica
Airport (SMA), using an electric vehicle mobile gtarm equipped with fast response
instruments in spring and summer of 2008. SMAgeeral aviation airport operated
for private aircraft and corporate jets in Los AlegeCounty, California. An impact area
of elevated ultrafine particle (UFP) concentratioras observed extending beyond 660 m
downwind and 250 m perpendicular to the wind ondtvnwind side of SMA.

Aircraft operations resulted in average UFP conegiohs being enhanced by
factors of 10 and 2.5 at 100 m and 660 m downwiespectively, over a background site
880 m away from the airport (and well off the wigidection from the runway). The long
downwind impact distance (i.e. compared to nearbg\fays at the same time of day)
was likely primarily due to the large volumes afcaaft emissions containing higher
initial concentrations of UFP than on-road vehicl@grcraft did not appreciably enhance
average levels of black carbons (BC) or particladzbpolycyclic aromatic hydrocarbons
(PB-PAH), although spikes in concentration of theskutants were associated with jet
takeoffs. Jet departures resulted in peak 60-skavarage concentrations of up to
2.2x10 cm®, 440 ng nt, and 3Qug m® for UFP, PB-PAH, and BC, respectively, at a
location 100 m downwind of the takeoff area. Thesak levels were enhanced by
factors of 440, 90, and 100 compared to backgraendentrations.

Peak UFP concentrations were reasonably corre{gte@ 62) with fuel
consumption rates associated with aircraft depestugstimated from aircraft weights and
acceleration rates. UFP concentrations remairedhidd for extended periods
associated particularly with jet departures, bsb alith jet taxi and idle, and operations
of propeller aircraft. UFP measured downwind of Skad a median mode of about 11
nm (electric mobility diameter), which was aboutadf of the 22 nm median mode
associated with UFP from heavy duty diesel trucks.

The observation of highly enhanced ultrafine p&teoncentrations in a large
residential area downwind of this local airport pasential health implications for
persons living near general aviation airports.



1.3.4 Time-Location Study in Port-Adjacent Communities

The Harbor Communities Time Location Study (HCTu#)s conducted in
communities adjacent to the Ports of Los Angeleslaing Beach and integrated
traditional recall diary activity logs with GPS ¢kang and follow-up “prompted recall”
surveys. This study documented the activity past@f 47 adult residents on 131
weekdays. The enhanced time-location databaseajeddrom logs, GPS and follow-
up interview data significantly improved the amoant quality of time-location data
collected by means of recall diary activity logsrad. Overall, about half (49%) of
participants’ locations and trips in the GPS-enledntata were not recorded on
participant diary logs. Participants spent an agerof over 3 hours per day in
unreported locations and about half an hour peroteynreported trips.

HCTLS participants were largely low-income, Hisgawiomen and homemakers
and, on average, spent about 89% of their day msdaad about 7% traveling. Similar to
unemployed National Human Activity Pattern SurvislfHAPS) respondents of the same
age, HCTLS participants spent about 78% of theyrwiighin a residence and about 5%
in a vehicle. About one fifth lived near a heauitgvelled roadway and may have
experienced heightened exposures to vehicle-refaithgtion. Participants spent about 5
hours per day on average near heavy traffic (aBdwturs inside a residence, 1 hour
inside a public, service, school, or workplace taeg and 30 minutes in-vehicle).

We also conducted limited sampling of PM mass amdber inside HCTLS
participant residences during baseline and exerinws, yielding data on indoor
particulate concentrations, the only data on inqmmiutant levels collected during the
HCMS. As expected, we found substantial variatrothe in-home particle count
concentrations in the homes of HCTLS participamsring the 52 monitoring periods
(averaging 25 minutes each) conducted in residenithsat least one open window or
door and no noticeable potential indoor sourceatrexage particle number concentration
(using a TSI CPC Model 3007) was ~ 25,000%arith the means at individual locations
ranging from about 6,000 to 66,000 ¢m

1.4 Conclusion

An electric-vehicle mobile platform was used taamb highly resolved spatial
and temporal air pollutant data for both gasesparticulates in three important locations
in the California South Coast Air Basin. These glamg efforts quantified near-roadway
concentrations of pollutants in the port-adjacemhmunities of Wilmington and West
Long Beach, documented a wide area of pollutioraichfrom a line source in the pre-
sunrise hours, and demonstrated significant petir@traf aircraft emissions into a
residential neighborhood downwind of the Santa Marirport. These discoveries
illustrate the utility and power of using such abie platform across days, seasons and
geographical areas to elucidate local effects tratnot observed by traditional, widely-
spaced, fixed-site monitoring networks.

Our time-location study demonstrated the valua nbvel “prompted recall”
approach for characterizing the time-activity patseof port community residents. The
results from this study, when coupled with the Bgiee air pollutant monitoring data
from the HCMS, will provide valuable data for supggent modeling of air pollution
exposure of port community residents.



INTRODUCTION AND BACKGROUND
1.5 Introduction

The research described in this report was initiaked result of a proposal solicited
by the California Air Resources Board that ledhe inclusion of UCLA researchers as
part of the Harbor Community Monitoring Study (HCM&/ using the ARB’s electric
vehicle as a mobile platform (MP) instrumentedrfeasuring pollutants throughout the
community. Although the initial focus of the resgawas on using the MP to conduct
fine spatial and temporal scale monitoring in padjacent communities, the contract was
subsequently amended to cover several additiosalreh and regulatory interests of the
ARB, including micro-environment exposure assessmeapping of area-wide
pollution, and characterizing vehicle emissiondamvntown Los Angeles (including
Boyle Heights) and West Los Angeles.

A second goal of amending the original contract teaasdd a new research
component involving collection of time-location datising GPS-enabled cell phones as
well as traditional recall diaries, for residemdhe same port-adjacent communities of
Wilmington and Long Beach studied in the ARB HarB@mmunity Monitoring Study.
This time-location study when combined with monitgrdata from the HCMS will
facilitate modeling of exposures of port area restd. The time-location study also
partially addressed a significant pollutant monitgrgap in the HCMS, the lack of
information on the indoor exposure of residents twugutdoor pollution.

1.6 Statement of the Problem

For decades, the standard approach for air momgani California and the U.S.
consisted of a relatively limited number of fixeitesmonitoring stations placed across a
given airshed, focused primarily on the six crdaguollutants regulated under federal and
state statutes. However, within the past decaldasitbeen increasingly recognized that
such widely-spaced monitoring stations in fixedaibens do not necessarily characterize
the local peak concentration nor the steep conatorrgradients that occur near
stationary or mobile sources of pollution. Yet,@uality measurements, modeling
studies and epidemiological evidence continue toiiacilate from all over the world that
such localized high concentrations and steep caraten gradients are critically
important in determining human exposure at theviddial and sub-community levels,
and that persons living in close proximity to sasrtike busy roadways show
significantly increased incidence of adverse health

The health implications of pollutant concentratgradients adjacent to major
roadways have been the focus of growing attentforgulators and legislators,
especially the California Air Resources Board. tligan response to new measurements
of the decay of motor vehicle pollution away frooadways (made during daytime), the
California Legislature passed regulations prevertte sitting of new schools in
California any closer than 500 feet of a freewang attention is also being given to pre-
school facilities concerning their proximity to mmayoadways.

The Wilmington and West Long Beach communitiessareounded by some of
the most heavily traveled freeways in southernf@atia, are home to multiple
petroleum refineries and other industrial faciifiand are located adjacent to the Ports of



Los Angeles and Long Beach. These and other estfrthe area provide not only a
complex emission source scenario but also the patéor complex pollutant
concentration gradients and high exposure conditibat cannot be identified by the
conventional, widely-spaced network of ambientgaiality monitoring sites. Similar
considerations apply to downtown Los Angeles angl&bleights, which are surrounded
and bisected by half a dozen freeways, some oftwiiwe heavy diesel truck traffic.
These situations add to the recent concerns by afRBothers about disproportionate
impacts of stationary sources in minority commusitas well as the potentially high
exposures possible for all persons living closediorces such as busy roads. Although
the South Coast Air Quality Management District #mel Southern California
Association of Governments conduct sub-regionalsouibeconomic assessments of air
pollution, our growing understanding of the heaigtks for populations near major
roadways and major point sources emphasizes ttieatneed to study the highly
localized impacts of emission sources by more dgmsapping pollutant concentrations
and concentration gradients in areas with manyanieéd sources of pollution.

While a single stationary monitoring station cancegpture important spatial
gradients in pollutant concentrations, it may bedaquate measure of regional
contributions to local concentrations and may als@dequate over longer averaging
periods, but evaluating this question also requitesind of spatially and temporally
resolved data the mobile platform can generater Ry the HCMS there was little or no
information on the range of spatial variabilitymehicle-related or point source-related
pollutants in this domain, or on these importantaldes affecting the spatial variability
in these port-adjacent communities.

Similar considerations apply to downtown Los Anged@d its complex mix of
sources, many of which are mobile on surface stirégghways and freeways. A single
fixed-site monitoring station in the downtown regis inadequate to map the spatial
impacts of the many line sources crossing the dowmntarea. Here again the value of a
mobile monitoring platform is apparent. Finallgetwest side of Los Angeles is also of
interest due to the perception of a generally @earphicle fleet but the location of
specific important pollution sources such as thet&&onica airport.

1.7 Background
1.7.1 Mobile Platform Studies

1.7.1.1 Air Quality On and Near Roadways

Air quality in the vicinity of roadways can be smisly impacted by emissions from
heavy traffic flows. As a result, high concenwas of air pollutants are frequently
present in the vicinity of roadways and may resulidverse health effects in the on-road
and near-roadway microenvironments. These indlchkeased risk of reduced lung
function (e.g., Brunekreef 1997), cancer (e.g., Xaond Gilman 1997; Pearson et al.
2000), adverse respiratory symptoms (e.g., vanétied. 1997; Venn et al. 2001; Janssen
et al. 2003), asthma (Janssen et al. 2003), anthlity{Hoek et al. 2002), and pre-term
birth (Ritz et al. 2000; Ren et al. 2008).

Pollution near roadways involves a large numbgradiutants, including carbon
monoxide, nitrogen monoxide and dioxide, variougd@rganics and particulate matter.




While PM2.5 is typically only moderately elevateshn roadways relative to surrounding
areas, ultrafine particles (PMO0.1, or UFP) are lyigtevated relative to areas further
from roadways. Because UFP coagulate rapidly &edrne incorporated into the fine
mode as they move away from their source, comhivigddilution, their concentrations
generally drop rapidly away from freeways (Zhule2@02a; Zhu et al. 2002b (Zhu et al.
2002a; Zhu et al. 2002b; Zhang and Wexler 2004nglet al. 2004; Jacobson et al.
2005).

Recently, attention to ultrafine particles hasmsiéed, particularly in the
toxicological and exposure communities, and whike ltealth impacts of UFP are far
from completely understood, a picture is emergiSort term high concentrations of
ultrafine particles appear likely to be responsibleincreases in all-cause mortality,
hospital admissions for cardiovascular and resmiyadiseases, aggravation of asthma
and reduced lung function (Knol et al. 2009). Elffects of longer term exposures are
more debated, but include the above list in addlitilung cancer (Knol et al. 2009).

Pollutant gradients near freeways have been rezedrat least since the 1980s,
with most measurement data concentrated duringrdayEarly studies focused on gas
phase pollutants (Rodes and Holland 1981). Hitchtred. (2000) measured
concentrations of fine and ultra-fine particlesatistance of 15 to 375 m from a major
roadway during the daytime. They found concerdratidecayed to about half of the
peak value (at the closest point to the roadwagpptoximately 100-150 m from the
roadway on the normal downwind side. Particle eotr@tions were not affected by the
roadway at a distance farther than 15 m on the abupwind side, indicating a sharp
gradient of fine and ultrafine particles. Simi&ndies were conducted by Zhu et al.
(2002a, b), who measured ultrafine particles (UER), and black carbon (BC) along the
upwind (200 m) and downwind (300 m) sides of avir@gin Los Angeles during the
daytime. Peak concentrations were observed imnedgiadjacent to the freeway, with
concentrations of air pollutants returning to updvbackground levels about 300 m
downwind of the freeway.

The few near-roadway studies conducted at nightated larger areas of impact
than during daytime. UFP concentrations at nigkttenreported by Zhu et al. (2006) ,
who conducted measurements upwind (300 m) and dowin{s00 m) of a freeway from
22:30 - 04:00. Although traffic volumes were muater at night (about 25% of peak)
particle number concentrations were about 80% higen downwind of the freeway
compared with the day, with UFP concentrations-60,000cm™ about 500 m
downwind of 1-405, a major Los Angeles freewayidgrthe night. Fruin and Isakov
(Fruin and Isakov 2006) measured UFP concentratioSacramento, California, near
the US-50 Freeway between 23:00 and 01:00 and f80rD% of maximum centerline
concentrations (measured on a freeway overpassin8@@®vnwind. More recent
gradient results by our group are discussed in@est1.3.2 below.

1.7.1.2 Instrumented Vehicle Studies

Instrumented vehicles, or mobile platforms, begabe employed first in the
1980’s, and have been more widely implemented Ioéggnabout 15 years ago. They
have been used for several research goals: (ag¢ésume pollutant levels on-board
vehicles (i.e., “in cabin” concentrations) undealigtic driving conditions; (b) to make




mobile measurements of pollutant concentrationmadways (rather than making
measurements alongside roadways from fixed sitesjor special studies, in which the
mobile platform is used to do essentially statigmaeasurements on a fine scale at a set
of locations in close proximity to either a soufegy. airports) or receptor of interest; (d)
to characterize the decay of pollutant levels witlreasing distance from roadways and
other concentrated sources; (e) and to look forr spots’ and areas of anomalously
elevated pollutant concentrations in residential atiner areas; and (f) “chase” studies to
directly sample vehicle plumes for dilution ratesl garticle size distribution

information. In the following sections we briefiite examples of such studies, some of
which represent antecedents to the study propased [This summary of earlier studies
is meant to be illustrative and is not inclusiveatbfsuch studies.

A steady stream of recent results have been peatoig researchers at the Air
Resources Board (ARB), and a handful of additiomstitutions using the same ARB -
maintained mobile platform (Westerdahl et al. 200&iin et al. 2008; Westerdahl et al.
2008.

One of these studies focused on airport emissiepssting highly elevated
concentrations of ultrafine particles, and sevetiaér pollutants (Westerdahl et al. 2008).
Ultrafine particles are of particular interest besaaircraft exhaust produces very high
concentrations of very small particles, which shgnonly weakly if at all in mass-based
measurements. The study by Westerdahl et al. j28@8&8sured concentrations of
ultrafine particles (UFP), particle-bound polycgdiromatic hydrocarbon (PB-PAH),
black carbon (BC), and NOn the vicinity of Los Angeles International AirgdLAX).
They observed markedly high UFP concentrationdofia5.0x18cm™ 500 m
downwind of the takeoff runways (Westerdahl e28l08). The observed downwind
UFP number concentrations were dominated by freghherated particles with peak
modes of 10-15 nm. Upwind UFPs were dominateddgaylgarticles with a mode of
about 90 nm.

1.7.1.3 In-Vehicle Pollutant Concentrations

A growing number of studies have characterizedaipit conditions in passenger
cars, school buses and transit buses. Shikiyla @989) conducted the earliest reported
comprehensive in-vehicle concentration study. da8 in the South Coast Air Basin
were measured for CO, 4 metals and 12 VOCs inuhmerser of 1987 and winter of
1988. In-vehicle concentrations were generally tavéour times higher than those
concentrations measured at ambient monitoringostsiti For example, in-vehicle
concentrations of benzene and CO were about 12ppl8 ppm, respectively, versus
ambient concentrations of about 3 ppb and 2 pphesé findings were confirmed by
later passenger car studies in the U.S. showirgrthaehicle concentrations of CO and
fuel-related VOCs were significantly higher thangh in ambient air (Chan et al. 1991a;
Chan et al. 1991b; Lawryk et al. 1995)

A follow-up study by Rodes et al. (1998) was thigest and most comprehensive
in-vehicle concentration study conducted up utgitime. It was conducted in the fall of
1997 and consisted of 29 two-hour runs, 13 conduct&acramento and 16 in Los
Angeles. Sixty-second averages of CO, fine partount, and black carbon
concentrations were recorded, with integrated taworiVOCs from canisters and PM10
and PM2.5 from filters, later analyzed for eleméntanposition. Overall, the in-




vehicle-to-ambient ratios were five to ten times@® and 1,3-butadiene, four to eight
times for aromatic compounds and MTBE, and twaota times higher for
formaldehyde.

In moderate to heavy traffic, vehicle occupantspamarily exposed to the
exhaust of the vehicle being followed, as well aghboring vehicles. A limited number
of studies have investigated the impacts of theesghlocation and type of vehicle on
occupants exposure in the following vehicle. Fretial. (2004) analyzed the Rodes et
al. (1998) data to show that for a typical Califardriver one third to one half of their 24
hr exposure to diesel exhaust particulate came then6% of the time on average they
spent driving.

School buses present a special case of in-vedxgesures because they appear to
be particularly vulnerable to re-entrainment ofitlesvn emissions. To date
approximately a dozen studies of pollutant conegiains aboard school buses, with a
focus on diesel powered buses, have been conduckémith America, although with
several exceptions (Behrentz, et al. 2002; Sabah @005) most of these studies have
not been reported in the peer-reviewed literatarg. (Brauer et al. 2000; Solomon et al.
2001; Fitz et al. 2002; Weir 2002; Maybee et aD20 Consistent with results from
passenger car studies, these studies showed sagrilfi elevated concentrations of diesel
gasoline exhaust pollutants relative to ambientaaid in several of these studies,
elevated concentrations above roadway concentgatioa to entrainment of the bus’s
own emissions (Solomon et al. 2001; Behrentz €1G4).

Within the past five years there has been inteosesfon measurement of
ultrafine particles (UFP) since such particlesiaceeasingly implicated in human health
effects. One of the direct antecedents for thegareproject, Westerdahl et al. (2005) and
Fruin et al. (2008) utilized the ARB’s non-pollugimobile platform together with
multiple scanning mobility particle sizers to contimeasurements of UFP and
associated pollutant concentrations on freewaysesidential streets in Los Angeles.
These studies showed freeway on-road UFP concemsab be largely driven by truck
emissions while hard accelerations of gasoline-pedgehicles appeared to be the most
common source of high UFP concentrations on atteraals.

In other in-vehicle studies of UFP, Miguel and corleers (Zhu et al. 2007)
conducted mobile monitoring in Los Angeles usirpasenger car equipped with a
HEPA filter system, including measurement of inicadind roadway measurements for
both freeways and surface streets. Hitchins €280D0) and Kittleson et al. (2004a) have
also measured high concentrations of UFP on androadways. Several mobile
monitoring studies that included UFP measuremesns been conducted in Europe
(Bukowiecki et al. 2002; Pirjola et al. 2004; Weget al. 2004) and in the eastern United
States (Canagaratna et al. 2004; Kittelson et0fl42; Kittelson et al. 2004b) .

1.7.1.4 Harbor Community Monitoring Study

The ARB-sponsored Harbor Community Monitoring StueBs conceived in
response to a tripling in goods movement throughRtbrts of Los Angeles and Long
Beach over the past two decades (Port of Los ABgEJ statistics:
http://www.portoflosangeles.org/maritime/stats.aapg Port of Long Beach TEU
archives http://www.polb.com/economics/stats/teushige.asp) , and the resulting



dramatic increase in air pollutant emissions in apgind of port-adjacent communities,
especially from a wide range of diesel sourcesdddthis ARB contract UCLA
researchers, working closely with ARB staff and &cott Fruin of the USC Preventive
Medicine Department, as well as with other investigs involved in the Harbor
Community Monitoring Study, have been responsibtetie mobile platform research
component of the HCMS. After equipping a RAV4 éliecvehicle with a full range of
real-time gaseous and particulate pollutant mosijtere conducted a pilot study and
winter and summer field monitoring campaigns in plet adjacent communities of
Wilmington and Long Beach. With 10 days of sampiim winter and 14 days in
summer, a wealth of information was collected comiog on-road, neighborhood, 150 m
buffer, and in-vehicle pollutant concentrationsoanefully designed routes within these
communities, during morning and afternoon samplings characterizing different traffic
and meteorological conditions. With the winter @idhmer campaign we were also able
to make seasonal comparisons for these data @sgdlon significantly different
meteorological conditions).

1.7.1.5 Downtown Los Angeles, Boyle Heights and West Logiédlns

Using similar approaches to those employed in t6818 with regard to route
selection and monitoring protocols, this researdjget was subsequently expanded to
winter and summer monitoring campaigns in WestAngeles and Downtown Los
Angeles, including Boyle Heights as discussed alamekbelow. This overall mobile
platform research has demonstrated the great ugysamnd power of using an
instrumented electric vehicle to rapidly collectlptant concentration data over a wide
range of microenvironments and with excellent sppaiind temporal resolution, leading to
the key research discoveries and findings desciibéds report.

1.7.2 Harbor Community Time-Location Study

Previous time-location studies have largely rebaednterviews and diaries.
Recent work suggests that portable Global Positgp&ystems (GPS) technology offers
a valuable new tool to (a) track subject locatitmeughout the day as they go about
their everyday activities in various microenviromtseand (b) validate conventional
time-activity diaries (Phillips et. al., 2001). &®ased methods can enhance
retrospective surveys by tracking “actual” tra\egher than self-reported travel, by
reducing respondent reporting burden, by redudiegéquirement for respondents to
report travel and location details, by enablingdbbiection of multiple-day activity data
and supplemental information, and by reducing redpat reporting fatigue (Murakami
and Wagner, 1999). Since GPS offers the poteoitimicreasing data collection
efficiency and reducing participant’s burden diriig) out a daily activity record, it can be
used to track subjects for longer periods of tipreyiding valuable data on within-
subject variation (Xue et al., 2003) which is neeeg to refine exposure assessment
methodologies.

GPS tools provide temporal and location data oe-iocation activity patterns
which can be used to more accurately classify stdbjato location categories (in-
vehicle, indoor and outdoor microenvironments)irpallution exposure assessment
studies, especially given potential recall errarraditional time-activity diaries
(Elgethun et al., 2003). Comparisons of diary simtultaneous GPS location data
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suggest that data derived from diaries underestisnane indoors at home, and
overestimates time spent outdoors, in transit,jaddors at other locations (Elgethun et
al., 2007).

Transportation studies also identify substantialerreporting of trips using
simultaneous diary-GPS monitoring and demonstratgswhat GPS technologies can
provide a valuable audit and verification tool fimne-locations studies (Zmud and Wolf,
2003). Analysis of the Caltrans’ 2000-2001 CalifarStatewide Household Travel
Survey and the 2001/2 Los Angeles Regional Trauadysidentified that recall methods
underreported as many as 20% of household tripss@io-economic (SES) households
were more likely to underreport travel, and shoii@s and short stops on a longer trip
were more likely to be underreported (CalifornigpBement of Transportation, 2002;
Zmud and Wolf, 2003; Zmud, 2003).

Recent advances in portable GPS technologies Imgpondent reporting burden
and enable more continuous monitoring or “persacking” across various travel modes
and activities. The weight and size of the pogabPS units in early studies used in the
4-day 1999 pilot project monitoring 150 individuaisthe Netherlands could have
resulted in respondent resistance to carrying GP®élking, biking, and transit trips
and for shopping or visits (Draijer et al., 200Ccdsd in Kracht (2004) and Bhat (2004)),
but monitoring with portable GPS-enabled cell ptooan reduce respondent burden and
enable more continuous monitoring of participamgroenvironments (Elgethun et al.,
2003).

A challenge to portable GPS monitoring is thatdigmal reception of GPS units
can vary by location and transportation mode. @&J2003) indicates GPS tracking
quality in trains and buses varies by the chareties of the vehicle (e.g., presence of
windows) or the position of the rider (e.g., looatrelative to windows). Nielson and
Hovgesen (2004) reports that compared to otheekraodes the most consistent GPS
signal reception using GPS-enabled phones wasglhioycle and car travel except in
denser areas with taller buildings which could 8dGPS satellite signals. GPS signal
was also consistent during pedestrian travel, [asg wnavailable during transit by
underground train and was less consistent travélnigus above ground. Although
Elgethun et al. (2003) also indicates that signirference occurs in some locations
(inside or near concrete/steel-frame buildinggytbonfirm that GPS-enabled cell
phones lower respondent burden and provide adegeatgaphic resolution and
temporal precision for assessing outdoor and inelelocations.

Prompted recall (PR) techniques can been usedaiwome the challenge of GPS
signal loss by allowing participants to verify sasfed activities, locations, and
microenvironment characteristics. First used bgHieet al. (2001), this approach
identifies discrepancies between information predith travel diaries versus
simultaneous GPS traces then asks respondentiow-iap surveys using tabular and
mapped data to confirm trips and their characiesgDoherty et al., 2006). A pilot
study by Stopher et al. (2002) suggests this tectencan be used to increase the
accuracy of reported data even after a lapse td igd days from the time of travel.
Flamm (2007) also found that the use of GPS-basgusno illustrate suspected
unreported or unclear travel patterns in exit witaws greatly improved the accuracy of
monitoring and provided the identification of eremus “trips” even when such
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interviews were conducted 7-10 days after the traveurred. Wolf et al. (2004) reports
that mailed PR surveys of 27 GPS households i2@0d Kansas City Regional
Household Travel Survey provided invaluable insighd the purposes of unreported
travel and the explanations of why underreportioguos from the respondent
perspective.

Although substantial stationary and mobile moniigrihas been conducted in the
near-port communities of Wilmington and western g@each during the Harbor
Communities Monitoring Study, relatively little khown about the time-location activity
patterns of residents and their associated in-lehiedoor and outdoor exposure to these
pollutants. A particular gap in the HCMS overaliegrated study was the lack of indoor
measurements. Although such measurements weradeéye scope of the HCMS, the
collection of household and building charactersstiata through appropriate
guestionnaires as was conducted in this study,atlay subsequent modeling of the
intrusion of outdoor air into indoor microenvironmg. Such data, when coupled with
the time-location data proposed to collected here {GPS-enabled phones and T/A
diaries may provide a basis for assessing indopogxre to pollution generated by port-
and refinery-related activities. We also madetain home measurements of
particulate matter (PM) during the initial and driterviews conducted for the HCTLS.

1.8 Overall and Specific Objectives
1.8.1 Mobile Platform Studies
1.8.1.1 Overall Objective

The overall objective of this portion of the prdj@as to conduct a mobile
platform monitoring program in the port-adjacenteounities of Wilmington and West
Long Beach and two other areas of the South Coa®asin, Downtown Los Angeles
(DOLA) and the Westside of Los Angeles (WLA); grexai measurements across major
roadways (e.g. freeways) during the pre-sunrisedy@nd additional in-vehicle
measurements.

1.8.1.2 Specific Objectives
The specific objectives of the MP study were to:

(1) Conduct a mobile platform monitoring program in guet-adjacent communities
of Wilmington and West Long Beach as a functiokey variables likely to
affect pollutant concentrations and gradients udirig time of day, day of week,
season and meteorology. To investigate three maroenvironments: on-road,
near roadway and in residential neighborhood asgtislittle or no traffic.

(2) Extend the MP study in port-adjacent communitiestteer two other areas of the
SoCAB heavily impacted by vehicle traffic and otkemission sources: the
Westside of Los Angeles and Downtown LA. Such messents are not only of
value per se, but may also permit answering theteqprehow do the
measurements made in port-adjacent communities a@wpth those made in
DOLA which is dense with major freeways and goodwement related
activities, or the Westside of LA, where trafficnd@ies and volumes are highest
for gasoline vehicles.
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(3) Make stationary measurements in key 200 meter &psifthat represent
important exposure microenvironments downwind oé Isources with heavy
gasoline, and where applicable, diesel trafficecfpcally to conduct “buffer”
measurements in locations where the numbers ofipeaposed to near-roadway
pollution are expected to be high.

(4) Conduct measurements in the early morning hourmréaiunrise. Previous
research by Hinds and co-workers (2007) show treatluffer” for ultrafine
particles, black carbon and CO extends out to asras 600 meters downwind
of freeways in the early morning hours, three tifi@ether than during the day.
They also found pollutant levels are higher intienight to 06:00 period than
during the day, even though traffic flows are mimker in the early morning
hours.

(5) Conduct measurements downwind of a regional aigaorh as Santa Monica
Airport.

1.8.2 Time-Location Study Using Integrated Diary, GPS Bndmpted Recall Methods
1.8.2.1 Overall Objective

The overall goal of the study was to provide a tlowation activity database for
selected residents in the lower SES communitié¥ibhington and western Long Beach
that can be subsequently used in principle to modeéhicle, indoors, and outdoor
exposures to air pollution monitored in the HarBammunities Monitoring Study. A
secondary overall objective was to demonstrateeaatiiate the use of GPS-based time
location data and prompted recall follow-up intews to validate and enhance
traditional time-activity diary data for classifgrsubjects into microenvironment
location categories (in-doors, outdoor, and in-gki

1.8.2.2 Specific Objectives
The specific objectives of this portion of the stweere to:

(1) Collect baseline data on household behaviors antelstructural
characteristics that will permit subsequent modgtihthe penetration of
outdoor air pollution measured in the HCMS into tioene
microenvironment.

(2) Obtain limited real time PM measurement data (PM2a&or UFPSs) in the
homes of the study participants during initial &xd interviews.

(3) Obtain and validate data on time activity patteyhport-adjacent residents in
microenvironment location categories using threesad simultaneous diary-
GPS activity monitoring and follow-up prompted riéaaterviews.

(4) Collect extended GPS time-location data on the port-adjacent residents
spend in microenvironment location categories tteoto generate a more
robust time-location database and to enable ftnadysis of within-subject
variation in time-activity patterns.
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2.0 EXPERIMENTAL METHODS AND STUDY DESIGN
2.1 Introduction

In the following sections we describe in detad thstruments, study designs,
routes and protocols used to accomplish the obgtjiven above. A large number of
mobile platform runs were conducted over the coofghis research. All of the data
collected during this project has been submitteith¢cARB for potential additional
analysis.

2.2 MP Vehicle

The research vehicle, or mobile sampling platfaemployed in this study was a
2003 electric Toyota RAV4 sub-SUV. An electric iad (EV) is desired because of its
non-polluting propulsion, and the RAV4 EV is camabf transporting substantial weight,
and is easily modified to accommodate the instrurpankage employed (see below).
This vehicle has a range of approximately 80 makespeeds up to 70 miles per hour.

Recharging of the RAV4 and the instrument battergkpbetween monitoring run
days, as well as between morning and afternoon naasirred at the Particle Instrument
Unit (PIU) of the Southern California Particle CenSupersite (SCPCS) located near
downtown Los Angeles, except for recharging inrthiddle of the day during the HCMS
which took place at the Harbor Authority Building$an Pedro.

2.3 Instruments

Table 3.3.1 presents a list of instruments usedigstudy, including the
parameters measured and the time resolution afdiresponding instrument. The
pollutants selected for investigation in this pobjecluded ultra-fine particles, PM2.5,
CO and CQ, oxides of nitrogen and black carbon. The headthted basis for focus on
these pollutants is well established. Particutaddter (e.g. PM2.5) has been associated
with mortality and a wide range of morbidity effe¢Brunekreef, et al. 1995; Dockery,
2001; Dockery et al., 1993; Pope et al., 1995)]evdiFP are the subject of intense
investigation concerning their potential healtleets (Hauser et al., 2001; Oberdorster,
2001; Li et al. 2003; Cho et al. 2005; Delfino éidgh, 2005; Brugge et al., 2007,
Ntziachristos et al., 2007). The health effectaitbbgen dioxide and carbon monoxide,
both criteria pollutants, are well established.

Since sharp gradients were not found in earlietistufor PM2.5, we recognize
that PM2.5 is most properly classified as a reditipackground” pollutant, with a large
secondary formation contribution. Zhu et al. (2802) and others have demonstrated
that PM2.5 concentrations are not highly sensiivine source emissions, in contrast to
black carbon and CO concentrations or particle rermfihus, PM2.5 is not an obvious
choice for measurement given that the focus optleeent study is in large part on
characterizing vehicle-related pollutant concerdragradients. However, PM2.5 is
critically important from a regulatory standpoirgdause it has been associated with both
mortality and a wide range of morbidity effectshug, for completeness and to support
further model development and testing, PM2.5 waasued in this project.

It is well established that GOCO, black carbon, particulate-phase PAH and NO
are associated with either diesel or gasoline \eleixhaust, or both. Westerdahl et al.
(2005) measured UFP and associated pollutantsasuble) and black carbon on
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southern California roads and freeways and fouatidalierage concentrations of UFP
varied by location, road type and truck trafficiuoles. Real time measurements of black
carbon and N@were highly correlated with UFP number. Measunasef in-cabin

CQO; also correlated well with UFP concentrations. ,€@ncentration measurements can
also serve to identify periods when our test vehieas in the plume of another vehicle
during mobile sampling. CO emissions occur pritgdrom gasoline-powered vehicles
and these measurements can be used to distingtisedn gasoline and diesel vehicle
influences.

2.3.1 Ultrafine Particles

The TSI Condensation Particle Counter Model 30@asable of measuring
particle counts in the size range from 10 nm taurland up to 100,000 particlesfEm
This instrument draws the aerosol sample continydbsough a heated saturator, where
alcohol is vaporized and diffuses into the sampieasn. This mixture of aerosols passes
into a cooled condenser where the alcohol beconmmsrsaturated. Particles present in
the aerosol sample stream serve as condensatsrf@itthe alcohol vapor, causing the
particles to grow quickly into alcohol dropletshéBe droplets pass through an optical
detector where they can be counted.

Ultrafine particle concentrations and size disttidns were measured with a TSI
3091 FMPS (fast mobility particle sizer). The mshent draws an aerosol sample and
positively charges the particles. The chargedgeastare sent down near a high voltage
electrode column via HEPA filtered sheath air. dsitive charge is applied to the
electrode, repelling the particles outward accaydmtheir electrical mobility. Particles
with high electrical mobility strike electrometdmsvard the top of the column, whereas
those with low electrical mobility strike electrotaes lower in the column. These
charges are then measured.

2.3.2 PM2.5 Mass

PM2.5 measurements were made using a TSI Model Bb20rrak Aerosol
Monitor. The DustTrak is a nephelometer that seipseticle scattering of a laser beam
and converts signals into a particle mass readirige PM concentration circumventing
the impactor is determined by measuring the intgmgithe 90 scattering of light from a
laser diode. The instrument sample flow rate 7sLImin and an averaging time of 1
second was used. The instruments are calibratibe &ctory with Arizona road dust
(NIST SRM 8632).

Our experience with this instrument during our jpwas school bus study (Fitz et
al., 2003; Sabin et al., 2005) paralleled thattbeoinvestigators (Ramachandran et al.,
2000; Yanosky et al., 2002; Chung et al., 200h)pdrticular, the greatest utility of the
DustTrak is to obtain relative measurements of Bidth high time resolution, rather
than rely on this instrument for absolute PM2.5 snas
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Table 2.3.2.1. Instruments and measurement paeasne

Measurement . Response Detection
Instrument Resolution . g
Parameter Time Limit
<9s, fora
TSI Portable CPC, UFP Count 10 95% 10 nm, <0.01
model 3007 nm-lum 1 particle/cm3 response | particles/cm3
UFP Size 5.6-
TSI FMPS 560 nm 1 size distribution/s ls 5.6 nm
0.001-100
TSI Model 8520 mg/m3, 0.1-10
DustTrak PM2.5 +0.001 mg/m3 10s um size range
Magee Scientific Proportional to flow
Aethalometer Black Carbon | rate 90s 1 pg/m3
Photoacoustic
Spectrometer Black Carbon
Particle Bound
EcoChem PAS 2000 | PAH 2 s time resolution <10s 3 ng/m3
Carbon
TSI Q-Trak Model 8554 Monoxide (CO), | 0.1 ppm (CO) 60 s (CO 0.1 ppm (CQ)
Carbon Dioxide 30s
(C0O2) 1 ppm (CO2) (C0O2) 1 ppm (CO2)
Teledyne API 300e CO
Analyzer CO 0.5% of reading 10s 0.04 ppm
LI-COR, LI-820 CO2
Gas Analyzer CO2 <2.5% of reading <10s 3.0 ppm
Teledyne-API NOx
analyzer, model 200e | Nitrogen Oxides
(NOx, NO, NO2)| 0.5% of reading 20s 0.4 ppb
Garmin GPSMAP 76CS$ GPS +3 meters ls 0.05 m/s
Local Wind
Vaisala Sonic Speed and
Anemometer and Direction, Temp,
Temperature/RH SensarRH 0.1 m/s, 1 deg, %" 1ls <1 m/s
Traffic
Documentation,
Vehicle Distance
Stalker LIDAR and and Relative
Vision Digital System | Speed 1ls NA NA

Note: for a 10 sec response time and vehicle spafells, 30, and 45 mph, the
measurement response distance would be about 65aid 185 meters, respectively; for
a 1 sec response time the equivalent distancexbare 6, 14 and 18 meters.

2.3.3 Black Carbon

Black carbon concentrations were measured usingdaletime Magee Scientific
aethalometers. The aethalometer draws samplerairgh a 0.5 cfispot on a quartz
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fiber filter tape. Infrared light at 880 nm isrismitted through the quartz tape and
detected on the back side of the tape using phteotbes (one detector senses the light
transmitted through the spot where the air was dridanough and the second detected
light transmitted though an unused section of tap®der to correct for changes in the
light source intensity and changes in the tapeatearistics). Decreases in the amount of
light transmitted through the spot on the quantetare proportional to the amount of
elemental carbon and “heavy” organic moleculesectdld. The instrument’s response to
the change in light transmittance is reported dackcarbon” (BC). The instrument’s
sample flow rate is maintained using mass flow culers.

The concentration of BC in units of mass of BC y&ume of air (e.g. fig/m™)
is determined by the instrument from the flow rael change in light transmittance data.
When the light transmittance through the collecgpnot on the quartz filter decreases by
seventy-five percent, the quartz tape automati@dlyances to a fresh section of filter.
Each time the filter tape automatically advandes,instrument recalibrates for
approximately one minute prior to restarting sangli In the current MP study we have
employed two aethelometers, a standard model aedtanded range model for which
there are longer periods between advances oflteetape.

2.3.4 Particle-Bound Polycyclic Aromatic Hydrocarbons (PBH)

An EcoChem Model PAS 2000 analyzer was used to unea®ncentrations of
particle-bound PAH. This instrument uses a UV lamphoto-ionize PAH components
of particles. An electric field is then appliedreanove negatively charged particles. The
positively charged particles are collected ontarfiand the total charge collected is
measured with an electrometer; the charge collastptbportional to the concentration
of PB-PAH. The sensitivity of the instrument igpaqximately10 ng/rh

2.3.5 Carbon Dioxide and Carbon Monoxide

Carbon dioxide (Cg) was measured with a LI-COR @QGas Analyzer, Model
LI-820. This instrument uses an absolute, nonat&pe, infrared (NIDR) gas analyzer
based on a single path, dual wavelength infraréelctien subsystem. GOneasurement
is a function of the absorption of IR energy asavels through an optical path. The
concentration measurements are based on the fdRoabsorption between the sample
signal and reference signal.

CO was measured with the API model 300e, an EPAcappd CO monitor. The
300e has a response time of approximately 20 sscamdi measures CO by comparing
infrared energy absorbed by the sample to thatrefaaence.

2.3.6 Oxides of Nitrogen

An API-Teledyne Model 200e instrument was used ¢asare oxides of nitrogen.
This device utilizes chemiluminesence to detectnitxide (NO). Other oxides of
nitrogen (e.g. N@) are converted to NO for measurement. The instnireports NO,
total oxides of nitrogen (N{, and calculates N{by subtracting NO values from NO
The Model 200e unit is an analyzer designed fotinetambient air monitoring
applications and has performed well in mobile openafor us in the current MP study.
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2.3.7 Verification of Vehicle Location using GPS

Vehicle location and speed were determined wittaen@® GPSMAP 76CS
global positioning system with a Wide Area Augméiota System (WAAS) corrections
system. The system provides position accuracypofit2-3 m and velocity accuracy of
0.05 m & while moving at steady state. In addition to honital position (e.g. latitude
and longitude or UTM coordinates), the correctedsGlpstem also provides elevation
and velocity data.

The GPS unit was also used as a time referencegdtlnis study. The clocks on
all other devices were set to the GPS time onlg Hasis

2.3.8 Meteorological Data

Local meteorological data conditions were collectith Vaisala WS425 sonic
anemometer on-board the platform. This instrundestribes the 2-D horizontal wind
velocity using three transducers in an equilateiahgle. The measuring range for this
instrument is between 0 to 65 m/s with a resolutib@.1 m/s.

Temperature and relative humidity were measureld avivaisala HUMICAP®
Humidity and Temperature probe.

In the current study, these measurements werectadleluring the test runs by
stopping for several minutes during runs to captae¢eorological conditions at that
particular location and time. Data from stationamgnitoring stations were used to
supplement these data.

2.3.9 Traffic Documentation

A Stalker Digital Vision System was used to recwaffic conditions in the lane
in which the vehicle was traveling during all me@snent periods, as well as the
adjacent lanes. The date/time, relative vehickedmnd distance were “stamped” onto
the video footage. The video camera helped idegtifission sources (e.g. individual
vehicles) and the integrated microphone systemigedvas an oral record of driver
observations. The clock in the video camera wastaynized with the GPS master
clock time prior to each run.

2.3.10 Data Logger

A Eurotherm Chessell 6100A graphic data acquisitemorder was used for data
collection. The 6100A has a 5.5" color touch seréisplay and 18 input channels with
up to 32 MB of internal Flash memory (upgraded6 21 in July, 2008) for secure,
short term, data storage and has a removable PG Elard slot accessible from the
front. Data stored within the internal memory t&narchived to the Flash card on
demand or at preset intervals. The 6100A provaemdication of how long its internal
memory and that of the removable media installdtiast according to the configuration
of the recorder. Data are stored in a tamper-goowry format that can be used for
secure, long term records.

In addition to archiving data in the 6100A flaskvdr data were downloaded to a
laptop computer on a daily basis (at the end ofi eac).
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2.3.11 Calibrations

Calibrations of the gas analyzers were conductédeabeginning and end of each
4-week sampling period along with semi-monthly zand span calibration checks,
weekly flow checks, and daily zero checks for gatite analyzers. For calibrations, a
standard gas containing a mix of NO and CO wageadilusing an Environics 9100
Multi-Gas Calibrator and Teledyne API Zero Air Syrst(Model 701) to calibrate the CO
and NO/NQ analyzers. C@was calibrated with zero air and span gas cylméiem
Thermo Systems Inc. Flow measurements were coadingth a DryCal DC-lite flow
meter with a flow range of 7 | miinto 200 ml mif* with an accuracy of +1%. Bi-
monthly calibration checks of the gas analyzershatdd 10-12% accuracy when
challenged with the standard gas. Weekly flow &kewdicated flows varied by no more
than 5% for any given week.

2.3.12 Instrument Packaging and Power Supply

Instruments were powered by a 2-kW/115-V invertarrected to 4 sealed lead-
acid batteries, providing for up to 6 hours of onbus instrument operation when the
batteries were new and allowed to fully chargee @brability of power supply dropped
to about 3 hours on 3-4 days during the end of senzampaign.

2.4 Route and measurement times

As discussed earlier, a primary goal of this proyegs to map concentrations and
gradients over a representative area as a funatikaey variables such as time of day,
day of week and season. For each study, sever@swere evaluated to test their
appropriateness for capturing key exposure scexjanoluding incorporating a full range
of line source categories, from neighborhood serfoeets with little traffic to major
surface street arterials, to the most highly tcké#d freeways in the nation.

2.4.1 Ports and Wilmington Area

The Harbor Communities are bounded by the 110, &0&,710 freeways, some
of the most heavily traveled in Southern Californi@ilmington is home to multiple
petroleum refineries, other industrial facilitiesmmercial businesses, and is located just
north of the Ports of Los Angeles and Long Beadal;Alameda Corridor, which
supports a tremendous rate of locomotive traftiosrthrough the eastern portion of this
community. One of the largest sources of pollutiothe Harbor Communities is the
Port of Los Angeles and Long Beach; in particullae, heavy-duty diesel trucks (HDDT)
that travel from the shipyards through these comtmsn Often, these trucks travel short
distances and are poorly maintained. Thus, thhes&d are likely to have higher
emissions of diesel-related pollutants. Up to 806ks per hour have been observed at
various intersections in the Harbor Communitiessireral hours a day (Houston et al.,
2008).

The expansion of the port and the dramatic increageods movement (tripling
in the last 15 years) has led to a significantease in container traffic through the port,
increasing all port-related activities, and potated emissions. Diesel truck traffic, in
particular, has had a large impact on communityosupes as heavy-duty diesel trucks
travel on streets adjacent to residential neightmds. To assess and characterize the
truck traffic from the ports, the University of @alrnia Transportation Center (UCTC)
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conducted a study to perform truck traffic couritbusy intersections in the Wilmington
area. The study found up to 600 trucks per houewbserved at several locations
(Houston et al., 2007), most of which were upwand within close proximity of eating
establishments, gas stations, and other locatitveserpeople spend their time.
Examples of these locations include the intersastaf Santa Fe Avenue and Pacific
Coast Highway (PCH) and also Santa Fe Avenue amhéim Street. Both Anaheim
Street and PCH near Santa Fe Avenue are heavigategp by HDDT traffic. The
intersection at Santa Fe and PCH in particularihagtased pedestrian traffic due to its
close proximity to schools and the numerous eatenel gas stations at the intersection.
Both intersections were included in the mobilefplah fixed driving routes shown in
Figure 3.4.1.1 The importance of this 200 metdfebzone was demonstrated in Zhu et
al. (2000 a, b) and is discussed in the next sectio

The freeways and petroleum refineries are also itapbpollution sources that
may impact residences or schools in immediate pridxi The 1-710 and Terminal
Island freeways have high levels of heavy-dutyeli&sick traffic and are closely
situated near residences and schools. Petroldiummgefacilities may also have impacts
on nearby residences, particularly during upsetitimms.

2.4.1.1 Route development for Ports study

The mobile platform was driven on two routes duttimg study: the Residential
Route and the Port/Freeway/Truck Route (PFT). HIRE Route was developed to
capture impacts from HDDTs and other port-relat@issions while the Residential
Route was developed to investigate pollution cotraéinns and gradients at the
neighborhood level. A map of the PFT and ResidéRoutes is shown in Figure
3.4.1.1, including meteorological and stationarynitaring locations. The routes
traveled through the cities of Carson, San PeditmiWgton, and West Long Beach.
Both routes were about 30 miles long and driventimes per day (once in the morning
between 8:00 and 11:00 and once in the afternotwele@ 14:30 and 17:00), 2-3 times
per week, in the winter and summer seasons. Fuoura, the in-car video recorded
vehicles in front of the mobile platform. Audio svalso recorded to keep track of events
not recorded by the video.

2.4.1.2 Stationary Monitoring at Heavily-Impacted Intersent

Due to relatively high traffic density at interseats, and the frequency of high
emissions from hard accelerations, stationary manij was conducted at several key
intersections heavily impacted by HDDT traffic. éBe locations were frequently
trafficked by pedestrians, persons waiting for lsus@d persons stopping at fast food
restaurants and gas stations. Monitoring was atiedulO to 15 m from the nearest
intersection corner at these locations for 5-10ut@s during morning and afternoon
sampling. The video camera was pointed towardntiieesection to capture HDDTs
crossing through the intersection during each lgylale. One of the most impacted
stationary sites, shown in Figure 3.4.1.1, wastktan the northwest corner of Santa Fe
and PCH at a fast food restaurant’s parking los{F@od Site). Morning and afternoon
data collected at the Fast Food Site were comparedch other along with available
wind data. In addition, a rough estimate of traokints traveling through the intersection
during monitoring at the site was conducted viaaenof the video recording.
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Figure 2.4.1.1. PFT and Residential fixed routegedrin winter and summer of 2007.
White stars indicate select sites where meteoroébgiata were collected; white triangle
indicates a stationary monitoring site.

2.4.1.3 Impact Zone Designations

2.4.1.3.1 Freeway Impact Zone Designation

Locations less than 150 m away from a major lines®were designated as
impact zones; otherwise, adjacent locations greagsr 150 m from a major line source
were designated as “reference zones.” This distaras based on recommendations
from the California Air Resources Board (CARB) Auality and Land Use Handbook
(CARB, 2005). Figure 3.4.1.2a shows a map indigaitnpact and reference zones near
the I-710 freeway. The I-710 impact zone was defias the area 150 m west of the
freeway sound wall. The I-710 reference zone vaimed as the interior residential
section located immediately west of the 1-710 im@Eane and was bounded by Santa Fe
Avenue (Santa Fe) and Fashion Avenue, about 759dd50 m to the west of the 1-710
freeway, respectively. Both impact and referermrees were bound by Ttreet to the
south and 28 Street to the north, 1200 m apart.
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This residential area was an ideal location toasofreeway impacts since
vehicular traffic within the neighborhood at sampltimes was minimal. However,
impacts from individual vehicles were noted whelatreely large increases in pollution
concentrations (at least twice the observed backgt@oncentration) could be
unambiguously linked to vehicles near the mobisfprm by video; calculations were
made both with and without these measurements.

2.4.1.3.2 Major Non-Freeway Arterial Impact Zone Designation

The major non-freeway arterials of interest for aoppzone measurements were
Pacific Coast Highway (PCH) and Anaheim Street {#uan); both are oriented east-
west and heavily trafficked by HDDTs. Diesel trumunts by Houston et al. (2008) on
PCH and Anaheim taken during the weekday were bdi8Ll&0 per half hour,
respectively, compared to fewer than 50 HDDTs padfr our counted at a nearby site
dominated by gasoline vehicles. Arterial impaate®were defined as portions of the
route on Santa Fe extending 150 m to the northsanth of PCH and Anaheim. Arterial
reference zones were defined as the portion ofahie on Santa Fe occurring in the area
outside the impact zone up to a distance of 600-igure 3.4.1.2b shows arterial impact
zones for PCH only. Impact zones on Anaheim wiendarly arranged.
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Figure 2.4.1.2. (a) Map of designated freeway inhpad reference zones. (b) Map of
designated north and south impact zones near PCH.
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2.4.1.4 Selection of Sampling Days

Five winter and four summer sampling days werecsetefor impact zone
analysis: February 10, 13, 21, 23, 26; July 17325and August 7 (Table 3.4.1.2).
These days were selected based on the highesstantsi in wind direction to ensure
differences between the impact and reference aoass as consistent as possible during
the times of the measurements. In addition, orekered sampling day (February 10)
and one “after-rain” sampling day (February 23)evwecluded in the winter analysis.

Although these days were selected for consistemd wirection, they were
otherwise representative of all sampling days imeotmeteorological aspects. Table
3.4.1.1 shows for selected sampling days at Siteel;nean wind speed and vector-
average wind direction were between 1.4-1.7'rarsd 260-270 degrees, while mean
wind speed and vector-average wind direction fosapling days were very similar,
between 1.4-1.8 ni'sand 260-270 degrees. Note that these data refieditions
observed during sampling times only (8:00 and 1,013030 and 17:00).

Daily meteorological conditions observed during termand summer sampling
were also representative of the seasonal averaghtioms. Table 3.4.1.1 also shows
mean wind speed and direction for Site 1 compaveathta collected by USC near Site 1,
and mean high temperatures collected by NOAA at.tregy Beach Airport between
1971-2000. These data show southwest winds pregaenin the study area, with the
higher wind speeds in the winter being due to tlleement of cold fronts through the
region.

3.4.1.5 Stationary Monitoring at Heavily-Impaciatersections with a Mobile Platform

Due to the relatively high traffic density at irdections, and the frequency of
high emissions from hard accelerations, stationawpitoring was conducted at several
key intersections heavily impacted by HDDT traffiStationary sites were located within
the 150 m arterial impact zone. These locationg\equently trafficked by
pedestrians, persons waiting for buses, and pefsamsenting fast food restaurants and
gas stations. Monitoring was conducted 10 to 1ffom the nearest intersection corner
at these locations for 5-10 minutes during morrang afternoon sampling. The video
camera was pointed toward the intersection to capldDTs crossing through the
intersection during each light cycle. One of thesiimpacted stationary sites, shown in
Figure 3.4.1.2, was located on the northwest cash&anta Fe and PCH at a fast food
restaurant’s parking lot (Fast Food Site). Morramgl afternoon data collected at the
Fast Food Site were compared to each other alotigwind data collected by the mobile
platform while parked. The wind sensor was moundetthe top of the mobile platform
at a height of 2.5 m from the ground. In additiampugh estimate of truck counts
passing through the intersection during morning &ternoon sampling at the site was
conducted.
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Table 2.4.1.1. Meteorological data for winter @dhmer sampling seasons at two sites
including annual average temperature from a thted $viean wind speed (WS) and
direction (WD) observed at Site 1 during selectglamy days and all sampling days, are
for the time periods 8:00 to 10:30, and 14:30 t®Q7 Seasonal averages are comprised
of data from February 20-March 8 and July 17-Audust 2007.

Season
Site Parameter Winter Summer
Site 1, SCAQMD, WS (m $Y 1.7 1.4
Select Sampling Days WD (deg) 260 270
Site 1, SCAQMD, WS (m $Y 1.8 1.4
All Sampling Days WD (deg) 270 260
Site 1, SCAQMD, WS (m $Y 2.1 1.8
Seasonal Averages WD (deg) 187 197
WS (m &) 1.9 1.3
USC Site,
Seasonal Averages WD (deg) 227 184
Temp £C) 14 22
RH (%) 54 75
NOAA (Long Beach),
1971-2006, Annual Temp (C) 16 23

Averages

Table 2.4.1.2. Freeway impact zone/reference zatmesrfor BC, PB-PAH, NO, UFP
(CPC, Model 3007), and absolute differences i €ahcentrations. Notes:
Meteorological data from Site 1. Values uncorrédte specific vehicle influences are
shown in parentheses. For downwind categories;™N8ometimes,” and “Yes” refer to
impact zone being downwind 0%, <30%, and >30% eftitme, respectively. An
asterisk indicates UFP data from FMPS. (See Sedti® for more detail).

Time Wind
(5(?(;(;) f Speed Downwind? BC  PB-PAH NO UFP (AC%
Day (ms?) PP
17-Ju AM 1.6 Yes 4.0 11.0 26(34) 37 1.4
PM 29 No 15(1.3) 08(20) 04(02) 11  -1.2
25-Jul  AM 1.9 Yes 2.2 5.6 2.3 2.0 10
PM 25 No 12(1.0) 1.1(0.9) 0.9(0.6) 0.8(1.2)0.2
31-Jul AM 1.7 Yes 39(32) 7.4(53) 75(47) 29 8
PM 33 Yes 1.6 4.3 1.9 18 25
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7-Aug AM 1.0 Yes 2.7 4.1 7.2 3.5 4.3
PM 1.9 Yes 2.3 6.3 2.1 1.5 3.3
Average “Yes” 2.8 6.4 4.2 2.6 4.5

Average “No” 1.4 1.0 0.7 0.9 -0.7
10-Feb AM 0.9 Sometimes 15 2.0 1.2 1.8 13
PM 4.6 No 0.9 0.7 0.7 0.7 -1
13-Feb AM 19 Sometimes 2.4 1.2 1.0 1.2 120
PM 6.1 No 0.7 0.8 0.4 0.7 -13
21-Feb AM 0.8 Sometimes 2.6 (1.7) 3.7 2.2 3.3 -13
PM 2.8 No 0.6 (0.4) 1.6 0.7 (0.3) 1.2 -20

23-Feb AM 3.4 No 5.0 0.7 0.6 1.0 8
PM 3.9 No 15 0.6 0.6 0.7 -5
26-Feb AM 0.6 Sometimes 3.0 2.3 2.9 1.7 46

PM 3.1 No 1.0(0.4) 15(0.5) 16(1.1) 1.0(0.8)-5

Average

“Sometimes” 2.4 2.3 1.8 2.0 41.5

Average “NoO” 1.6 1.0 0.8 0.9 -6.0

2.4.2 Pre-sunrise Study in West Los Angeles

Zhu et al. (2002a, b) measured UFP, black carbmhCO at various distances
from two southern California freeways and demonesttaéhe existence of strong pollutant
concentration gradients, with decreasing conceatratwith increasing distance from the
freeway during the day time and early evening. Ewav, little or no information was
available about pollutant concentrations in themig of roadways during pre-sunrise
hours prior to the present project. During thisgue meteorological conditions,
including low wind speeds, modest ambient air tenajpee, and possible temperature
inversion, could result in no strong turbulent mixin the lower space. In sequence, air
pollutants will reside in the low space for longjene, resulting elevated pollutant
concentrations in the vicinity of heavy traffic dveays.

In the present study, air pollutant concentregiovere measured over a wide
area on the south and north sides of the I-10 fagawwest Los Angeles, California, 1-2
hours before sunrise in the winter and summer ssasi02008 using an electric vehicle
mobile platform equipped with fast-response insenta. We observed a much wider
area of impact downwind of the freeway than regbiteprevious daytime and evening
studies, consistent with low wind speed, absendarbfilent mixing, and nocturnal
radiation inversions. Our pre-sunrise results vedse strikingly different from those we
observed for the same route during the daytime.
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2.4.2.1 Route Development

For pre-sunrise measurements, the mobile platfoas dviven on a fixed route
over three days in the winter season and two daffse summer season of 2008. The
route covered a total length of about 3,600 m ayprately perpendicular to the 1-10
freeway in Santa Monica, California (Figure 3.4)2.The solid line in Figure 1 shows
the section of the route over which the mobilefplan traveled about 8-10 times during
each monitoring period, reaching about 1,200 mtsofithe freeway. The dashed line
shows the extended section of the route, over witielmobile platform traveled 2-4
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Figure 2.4.2.1. Pre-sunrise route. The solid ilvicates the route 1,000 m and 1 200 m
north and south of the 1-10 freeway, respectivélize dashed line indicates the route
extended to 2,600 m south of the I-10 freeway.

times during each monitoring period, reaching alio600 m south of the freeway. The
pre-sunrise route crossed a number of local sugteets; these are shown in Figure
3.4.2.1 together with their normal distances tofteeway as measured from Google
Map. The route was selected because it passed theded 0 freeway, and because there
was little traffic flow on the route itself and ¢ime perpendicular surface streets (e.g.
Olympic Blvd., Pico Blvd. etc.) during pre-sunriseurs. Hence, the majority of
measurements were not significantly affected bgllsarface street traffic. Due to noise
restrictions, the Santa Monica airport was notparation during any of the pre-sunrise
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runs. The route also passed through a dense méisideeighborhood where the elevated
air pollutant concentrations have potentially siigant exposure implications.

During sampling, the mobile platform was intentityatopped to avoid
localized impacts from individual vehicles whenegessible. During data reduction,
pollutant concentration spikes, if verified frontded tape to be caused by a nearby
vehicle, were excluded from the analysis.

2.4.2.2 Real-time Traffic Flow

Table 3.4.2.1 shows the measurement periods fquréasunrise studies. Traffic
volumes were collected or measured on the |-10Wagethe pre-sunrise route itself, and
the major surface streets transecting the preseinoute. Real-time traffic flow on the
freeway was obtained from the Freeway Performaneasdrement System (PeMS)
provided by the UC Berkeley Institute of Transpboia. Sensors were located at the
Dorchester Station, about 300 m from the intersaatif the pre-sunrise route and the
freeway. Since there were no ramps or exits betee Dorchester Station and our
route, the PeMS data accurately represented tfiie ftaw on the I-10 freeway where
our route passed under the freeway. Traffic flowttee pre-sunrise route itself was
monitored and recorded by a Stalker Vision Dig&gstem on the mobile platform. The
recorded videos were replayed and vehicles onrnsymrise route were manually
counted. Traffic flows on the major cross stréetg. Olympic Blvd., Pico Blvd., and
Ocean Park Blvd.) were manually counted duringvihider season on a weekday at
times similar to when the pre-sunrise measuremeeats conducted.

Table 2.4.2.1. Measurement time periodpfersunrise studies

Date (2008) Measurement period Sunrise
March 7 6:20-7:50 7:14
March 12 6:00-7:30 7:07
March 18 6:10-7:20 6:59
June 30 4:00-6:30 5:45
July 2 4:30-6:45 5:45

@ Time corrected to Pacific Day Light Time (PDT)aclye from PST to PDT
occurred on March, 9, 2008.

2.5 Data Analysis Methods

Data were adjusted for the various response tirh#sednstruments on the
mobile platform to synchronize the location repreed by the measurements. BC, ,NO
CO, CQ, and particulate data (UFP, CPC, and PM2.5 mass} synchronized with
particle-bound polycyclic hydrocarbon (PB-PAH) dataasured by the PAS instrument,
which had the fastest response time. NO, UFP P8y AH were selected in the present
study for detailed spatial analysis because of tia@id and large variation on and near
roadways. The overall response time for the PASument was determined by
comparing the time of signal peaks in the PB-PAhktiseries to the corresponding time
of acceleration of a vehicle in front of our molplatform (as recorded on videotape).
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This time difference was less than 10-15 secondsrastudes the transport time
(typically a few seconds) for the plume from theiting vehicle to reach the inlet of the
sampling duct of the mobile platform. Given theshesponse times of our instruments
and our driving speeds of 5 - 15 MPH, the spaé&abtution of our mobile platform
measurements was typically in the range of 25-7%ith, the finer spatial resolution
(~25 m) near the locations where shaper pollutanteatrations occur such as edges of
the freeway where we drove more slowly.

We generated a large database from the real-titi@ecddlection emphasis of this
project. Time series analysis techniques as satlomventional statistical procedures
were used to analyze the data set.

First, data were adjusted for the various resptinsges of the different
instruments on board the mobile platform. BC,,N@OC, CO, CQ, and PM data were
synchronized with PB-PAH data, the instrument wihih fastest response time; PB-PAH
is also an indicator compound for diesel partiautagtter or DPM. This was
accomplished by comparing the PAS time series atbther instrument time series at
the same time and adjusting the slower responseiment to match the PAS.
Adjustments for all data series were made in tragmer.

Next, corrections for instrument performance (unstent drift or bias) were
made. These corrections were based on carefuliration of time series to catch
instrument drift or other potential issues that meyuire corrections. Third, data were
checked for autocorrelation. If significant autoetation was observed, it was removed
by using longer averages (10-15 seconds) for debysis (Fruin et al., 2004). Fourth,
data were checked for normality (i.e., normal frexgy distribution) as this is an
assumption for many statistical tests. If the datiawas not normally distributed, steps
were taken to transform the data (typically caltotathe logarithm of the
concentration). If, after transformation, the degawas not normal, non-parametric tests
were used for our statistical analysis. Then, detee checked for equal variance, and
hypotheses testing were conducted.

Data were grouped run-by-run and basic descriptiatstics developed, such as
the mean and standard deviation of pollutant canagons, were calculated for the
grouped data. The data were grouped initiallydy@ing day, then subgroups based on
location, time of day, and road type were creat@daphical representations such as
boxplots were used to describe the contrast betgemips and subgroups. Time series
were an important graphical presentation form forreal-time data; and were
supplemented with video analysis to describe wytsd of events lead to the
concentrations observed.

Video tape records were used to correlate pollutmmcentrations with different
sources (e.g. following a diesel truck) and deteembad types and route segments on
the route (e.g. residential versus arterial). ddion to road type, vehicle location, and
presence of diesel vehicles, other information gaith from the video recordings include:
time, presence of accelerating vehicles, trucksipgsn cross traffic, truck density,
traffic density (for freeways only), when the vdhiwas stopped, land use, transcription
of the audio recording and other observations.
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Recording road types and location along the raigelkiey component to conduct
hypothesis testing as it depends on correlatingtions with concentrations and
determining if concentrations between differentiians are significantly different from
each other.

A wide range of specific examples of the typesathdanalyses, and presentations
of the data we utilized in the present study cafobiad in our final report for our earlier
ARB-sponsored school bus project (Fitz et al. 2003)
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3.0 CHARACTERIZATION OF NEAR-ROAD AIR POLLUTION IMPACTS
DUE TO GOODS MOVEMENT IN DESIGNATED IMPACT ZONES

3.1 Introduction

Air quality close to and downwind of heavily-trafied roadways includes
localized high pollution concentrations and shaypaentration gradients such as
measured by Zhu et al. (2002a, b) and Hitchins. €2@00). These concentrations are
critically important in determining human exposatehe individual and community
levels as many people live and work near heavdffitked roadways. However, these
localized high concentrations cannot be readilyveded by the current network of
widely-spaced, fixed-site monitoring stations, etteough many studies have shown
persons living adjacent to sources like busy rogdvexhibit significantly increased
incidences of many adverse health effects (Bruggé,e2007). These include increased
risk of reduced lung function (Brunekreef et al9T) cancer (Knox and Gilman 1997;
Pearson et al., 2000), respiratory symptoms (vaet ¥t al. 1997; Venn et al. 2001,
Janssen et al. 2003), asthma (Lin et al. 2002; Mo€b et al., 2006), and mortality
(Hoek et al. 2002).

The use of a mobile platform outfitted with reat& monitoring instruments
provides the necessary temporal and spatial regoltd characterize pollution
concentration gradients and on-road concentratidnie traveling at normal vehicle
speeds. Westerdahl et al. (2005) and Fruin ¢2@08) used such a mobile platform to
demonstrate strong links between high on-road agregons of pollutants like black
carbon (BC) and ultrafine particles (UFP) and vasicmeasures of heavy-duty diesel
truck (HDDT) traffic. A similar platform was utided in the current study to characterize
pollution concentrations and their gradients iratdans impacted by goods movement
traffic in the communities near the Ports of LogjAles and Long Beach. Many other
studies have demonstrated the usefulness of a englaiiform for determining the
temporal and spatial distribution of pollutant&Eiarope (Bukowiecki et al. 2002a, b and
2003; WEeijers et al. 2004; Pirjola et al. 2004 2006), China (Yao et al. 2005) and the
United States (Kittelson et al. 2004a, b; Kolblet2004; Unal et al. 2004; Isakov,
Touma, and Khlystov, 2007; Baldauf et al. 2008).

Freeway and roadway impacts, especially those ragsiiweavily trafficked by
HDDTs are a common urban problem in the UnitedeStatHowever, the tripling of
goods movement at the Ports of Los Angeles (POIodl)laong Beach (POLB) over the
past 20 years, with a similar increase predictedHe next decade, make current air
guality impacts in this location particularly impant to characterize and track over time.
Up to 600 HDDTSs per hour have been observed apwaiintersections in Wilmington
and West Long Beach for several hours a day (Houstal., 2008), and such emission
sources provide the potential for high on-road aear-roadway exposures. The I-710
freeway averages over 1100 diesel trucks per HoailT¢ans, 2006) with peak hours
having 2200 (Ntziachristos, 2007) to 2600 HDDTsy£&h al., 2002b).

While several studies such as Zhu et al. (2002&b¢ measured near-freeway
gradients as a function of distance, this papesgmes some of the first such
measurements made on a large spatial scale durdayywwarying wind directions and
other meteorological conditions in two seasongyvatig the results to be generalized to
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other near-freeway and near-roadway situations.ekample, near-freeway impacts
were observed to be significant even when theibaaif actual time downwind was low;
during times of variable wind direction; and acradsill range of wind directions (from
perpendicular to nearly parallel to the roadway).

3.2 Sampling Days

Of the 24 sampling days, 5 days were excluded fropact zone analysis (March
8, July 10, 13, 14, and August 9) because eithegqaate meteorological data were not
available or only one half of the sampling day waspleted. Sampling days included in
the analysis covered both warm and cool seasaasige of meteorological conditions,
weekend days, and include one day before andafi@n event.

Table 4.2.1 shows meteorological observations bgae for all selected
sampling days at Site 1. The mean wind speed adiraverage wind direction was
between 1.4-1.8 mi’sand 260-270 degrees, respectively. Note thaetbata reflect
conditions observed during sampling times only @@®10:30, 14:30 to 17:00). Daily
meteorological conditions observed during wintest aammer sampling were also
representative of the seasonal average conditidbable 4.2.1.1 shows mean wind speed
and direction for Site 1 compared to data colletigtdSC near Site 1, and mean high
temperatures collected by NOAA at the Long Beaaitpdiit between 1971-2000. These
data show southwest winds predominate in the shuely, with the higher wind speeds in
the winter being due to the movement of cold frahtsugh the region.

Table 2.4.2.1. Meteorological data for winter anthmmer sampling seasons at two sites
including average daily maximum temperature frothiad site. Mean wind speed (WS)
and direction (WD) observed at Site 1 during athpng days, are for the time periods
8:00 to 10:30, and 14:30 to 17:00. Seasonal aesrage comprised of data from
February 20-March 8 and July 17-August 1 of 2007.

Season
Site Parameter Winter Summer
Site 1, SCAQMD, WS (m &Y 1.8 1.4
All Sampling Days WD (deg) 270 260
Site 1, SCAQMD, WS (m &Y 2.1 1.8
Seasonal Averages WD (deg) 187 197
WS (m §) 1.9 1.3
USC Site*
’ WD (d 227 184
Seasonal Averages (deg)
Temp (C) 14 22
RH (%) 54 75
NOAA (KLGB) , 1971- Daily Max 16 23

2006, Annual Averages  Temp (C)
*Next to Site 1 but 3.5 m lower
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3.3 Results and Discussion

3.3.1 Meteorological Observations

Recent studies have shown the importance of mdtggyron impacts in the near-
road environment (Baldauf et al. 2008; Thoma e2@08). Wind direction and wind
speed were especially important in affecting palimpacts on near-roadway locations
in the study area adjacent to the Ports. Windepadtin this area are complex due to
complex terrain and shoreline orientation in thggar, and were often observed to vary
significantly between sites for the same period.

These differences required obtaining wind data méere sampling occurred for
accurate evaluation of wind effects. In this stuaywere able to obtain meteorological
data from two nearby sites. The first site, a Bdlast Air Quality Management
District (SCAQMD) site, was located in West LongaBh near Santa Fe Avenue and
PCH (Site 1, shown in Figure 3.4.1.1) collectinggda 2 minute averages. At Site 1,
meteorological data were collected at a height 518 with a MetOne sonic wind sensor.
Data from a site run by the National Oceanographit Atmospheric Administration
(NOAA), close to the ports (Site 2, shown in Fig8ré.1.1), were utilized when data
from Site 1 were unavailable (see Section 3.4 dr.4rore discussion). This was the case
for sampling conducted on February 10 and 13.

Meteorological data collected by the UniversitySafuthern California (USC)
(located next to Site 1, collecting data at a hieadld m), and a NOAA site at the Long
Beach Airport were also used to determine the sgmtativeness of the meteorology
during summer and winter sampling in 2007. The iteqtdatform also collected
temperature, relative humidity, wind speed, anddwdirection data when operating in
stationary mode.

3.3.2 Pollutant Concentrations in the 1-710 Freeway Im@ane during Summer

Wind direction, and to a lesser extent, wind speerte dominant drivers in
determining the presence and extent of the I-7é®4ay impact zone in all seasons, but
effects were highest in the summer because wirgttiton was more consistent and
contained easterly components from day to day coedpa the rest of the year,
especially in the morning. (Freeway impacts imrataly to the east of the 1-710
freeway may have been higher in the winter, b kbhcation was inaccessible by the
mobile platform.) Summer meteorology during samgphkvas characterized by southerly
winds with an occasional easterly component imtleening, and stronger, more westerly
winds in the afternoon. Despite atmospheric mixiegght being higher in the summer
compared to the winter, these wind conditions distadd a pattern of high morning
pollution concentrations in impact zones duringgshexmer, particularly in the morning.
Figure 4.3.2.1 shows wind roses for morning andration sampling times during the
summer season, which include data from all selestetmer days (9 days). On average,
across all selected pollutants (BC, PB-PAH, NO, YJRkrning pollutant concentrations
in impact zone were about 3 times higher compareld reference zone. In the
afternoon, pollutant concentrations in the impactezwere on average, 1.5 times higher
compared to the reference zone. The lower ratibeérafternoon was attributed to a
combination of changing wind direction, higher aag® wind speeds, and an increase in
atmospheric mixing height. The magnitude of tHeat$ observed in the impact zone
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varied from day to day with meteorological condiso An example of observations from
one day is shown in Figure 4.3.2.1. Note the sc@lethese boxplots have been selected
to best visualize the distribution in the data.

Table 4.3.2.1 shows the ratios of impact zone-teremce zone concentrations for
each summer sampling day. These ratios of BC, RB;RJFP and NO exhibited
significant daily variation, but were routinely hig-elevated in the morning hours.
Generally, when the impact zone was downwind of{h&0 freeway for any fraction of
the time, impact ratios were greater than 2.0,satistically significantly greater than
when the impact zone was not downwind (Mann-Whitpey0.05). When the impact
zone was upwind of the freeway, the impact ratis slase to 1.0. Table 4.3.1.1 also
shows some ratios for individual pollutant measweets, particularly PB-PAHS, to be
very high. For example, morning impact ratiosP&-PAH on July 17 and August 7
were unusually high compared to other pollutants@her days. These high ratios may
have been due to relatively low background leveBExPAHs away from line sources
and the resulting decreased precision of the measnts.

It is important to note the G&oncentrations shown here are the differences
between concentrations observed in the impact andeaeference zone (as opposed to
the ratio). With the exception of the morning ofyJ17, CQ concentrations were always
higher in the impact zone than the reference zdmnwhe impact zone was downwind
of the I-710. In contrast, when the impact zons wawind of the freeway (afternoons of
July 17, 25, 27; August 2, 6), GOoncentrations were higher in the reference z@1©,
concentration differences between “yes” and “ndégaries were statistically significant
(Mann-Whitney, p<0.05). Higher GQn the reference zone generally occurred during
afternoon westerly winds and may reflect trafficigsions from Santa Fe, an arterial road
immediately west of the reference zone with retivittle diesel vehicle traffic. During
these times, the other pollutant impact ratios vetwse to 1.0.

Diurnal changes in HDDT and light duty traffic vates on the 1-710 freeway
may also have affected diesel-related pollutiornceotrations in the impact zone as
traffic volumes can change significantly from heathour. Chinkin et al. (2003) used
weigh-in-motion sensors (year 2000 data) on th&d4reeway in Long Beach to
determine diurnal traffic patterns. Based on tldzta we estimated HDDT traffic
volumes to be between 1500-1800 trucks per hounglunorning sampling and 1200-
1400 trucks per hour during afternoon samplingr light duty vehicles we estimated
8500-10500 vehicles per hour in the morning an8dd-12,000 vehicles per hour in the
afternoon. Based on these estimations, the matgabtithese impacts in the morning
versus afternoon may have been partly influencediffigrences in truck traffic volumes.
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Figure 3.3.2.1. Morning (a) and afternoon (b) windes and corresponding BC, PB-
PAH, NO and UFP concentrations in impact and refegezones (Ref) measured on July
17, 2007. Wind data from Site 1 were collectedveen 8:50-9:30 and 15:30-16:20.
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Table 3.3.2.1. Summer impact zone/reference zdmesrar BC, PB-PAH, NO, UFP
(CPC, Model 3007), and differences in £€@ncentrations. Notes: For downwind
categories: “No,” “Sometimes,” and “Yes” referitopact zone being downwind 0%,
<30%, and >30% of the time, respectively. An askendicates UFP data from FMPS.
Two asterisks indicates “Yes” values statisticallynificantly higher than “No” values
(Mann-Whitney, p<0.05).

Time Vector
Averaged -
(5&;% Do;y Wind Downwind? BC  po UFP NO (Ap%%
Speed
17-Jul AM 1.6 Yes 4.0 9.0 3.7 3.4 -1.4
17-Jul PM 2.9 No 1.6 0.8 1.2 0.6 -1.2
19-Jul AM 6.1 Yes 2.8 4.3 2.0 2.0 12.0
19-Jul PM 5.1 Yes 15 3.2 1.4 2.8 9.0
25-Jul AM 1.9 Sometimes 2.2 5.7 2.0 25 10.0
25-Jul PM 25 No 11 1.3 11 0.7 -5.1
27-Jul AM 2.8 Yes 1.7 3.2 1.4 1.9 12.6
27-Jul PM 6.5 No 1.1 0.7 1.1 0.9 -10.0
29-Jul AM 4.8 Sometimes 0.8 5.2 2.5 2.0 1.2
29-Jul PM 3.2 Yes 0.9 25 1.9 0.8 11.5
31-Jul AM 1.7 Yes 2.8 4.7 2.6 4.8 7.9
31-Jul PM 3.3 Yes 1.6 3.9 1.8 21 25
2-Aug  AM 2.0 Sometimes 1.3 2.1 1.2 15 0.1
2-Aug PM 7.9 No 0.9 0.6 1.1 0.5 -2.3
6-Aug AM 2.9 Sometimes 24 5.5 21 3.7 7.3
6-Aug PM 7.9 No 0.9 1.7 1.1 1.1 -0.3
7-Aug  AM 0.96 Yes 25 8.1 3.4 7.2 5.4
7-Aug PM 1.9 Yes 2.2 6.4 15 2.1 3.7
Average Yes 2.2%* 5.0 2. 1*  3.0**
Average Sometimes 1.7 4.6% 2.0 2.4**
Average No 1.1 1.0 1.1 0.8

3.3.3 Pollutant Concentrations in I1-710 Freeway Impaat&m Winter

Winter meteorology was sometimes variable due éddiv pressure fronts
passing through the region, but typically consisiEgtagnant mornings with strong
temperature inversions and low mixing heights. miog wind speeds averaged about
2.5 m §" by the afternoon, wind speeds on averaged wé&rm5', substantially higher.
Greater variability in wind speed and directionidgrwinter sampling resulted in
impacts that were less consistent compared touitmener. Figure 4.3.3.1 shows the
more modest impact zone effects typical of windsrrepresented by black carbon.
Although similar results were observed for PB-PAt &8O, UFP concentrations were
observed to be about twice as high during wintermimgs compared to summer
mornings. These results are consistent with |demperatures in winter favoring UFP
formation (Kuhn et al., 2005).
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Winter impact zone/reference zone ratios for déced winter sampling days are
shown in Table 4.3.3.1. Impact ratios were oftiewated in the morning if any
component of the wind was from the east, but oVérake ratios were lower compared
to the summer. The difference is greatest for wiienls were “sometimes” easterly,
from > 0 % to < 30%, with the numbers of pollutasit®wing statistically significantly
increased impact ratios going from three in thersem(PB-PAH, UFP, and NO) to only
one in the winter (UFP). Variable wind directicarsd light or calm wind speeds in the
morning hours suggest that for some mornings,rtipact zone may have been
downwind of the freeway for only a short time; théwo factors may have resulted in a
lower impact zone concentration overall. In adulitithe impact zone appeared to be
downwind more frequently in the summer comparethéowinter which would also
contribute to elevated impact ratios in the summer.

CO, concentration differences between impact zonegefiedence zone were
more variable in winter compared to summer. Inegah concentrations in the impact
zone were frequently lower than those observeterréference zone, resulting in
negative values in the last column of Table 4.3.But these still generally occurred
during times of westerly winds and when dieselteglgollutant ratios were near 1.0.
The exception was the morning of February 21.

Traditionally, port activity is lower in the wintédanuary-March) compared to the
summer-fall period (August through October), dunvigich goods movement from Asia
is highest prior to the economically-busy holidagson. As a result, HDDT traffic is
typically increased during the summer season (Houst al., 2008), resulting in
potentially higher near-roadway pollution concettras in port adjacent neighborhoods
compared to the winter. During 2007, summer pctivay (as measured by number of
containers) was about 13.5% higher compared tavihier (Port of Los Angeles 2007,
Port of Long Beach 2007).

3.3.4 Ultrafine Particle Size Distributions in Impact &mversus Reference Zones by
Season

Figure 4.3.4.1 shows the differences in UFP sig#&itutions for impact and
reference zones for two winter and two summer segolays. For impact zones, the
winter UFP number concentrations were roughly fiwees higher across the size
distribution compared to summer, although the sunsize distributions showed a
relatively larger fraction of particles >40 nm. doth seasons, reference zone UFP
concentrations were markedly reduced, especialllgarsize range from 10 to 80 nm,
giving flatter size distributions. Ntziachrisitesal. (2007) found similar results next to
the I-710 freeway (at a site north of the curréntlg location) during the winter-spring
season and found the size distribution was bimedala nucleation mode below 40-50
nm and a second lesser accumulation mode at 70a80me 10 and 100 nm peaks
absent from summer size distributions were obseirvédth impact and reference zones,
consistent with I-710 measurements made in theewly Zhu et al. (2004).
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Table 3.3.4.1. Winter impact zone/reference zotiegdor BC, PB-PAH, NO, UFP
(CPC, Model 3007), and absolute differences i €ahcentrations. For downwind
categories: “No,” “Sometimes,” and “Yes” referitopact zone being downwind 0%,
<30%, and >30% of the time, respectively. An askendicates UFP data from FMPS.
Two asterisks indicates “Yes” values statisticallynificantly higher than “No” values
(Mann-Whitney, p<0.05).

Date M€ AVeCtOIr d PB ACO,
ate verage . -
(2007) Dof Wind Downwind? BC PAH UFP NO (ppm)

ay

Speed

10-Feb AM 0.5 Sometimes 1.5 2.0 1.8 1.2 13
10-Feb PM 4.9 No 0.9 0.8 0.6 0.7 -1.1
13-Feb AM 2.5 No 2.4 0.9 1.2 1.2 120
13-Feb PM 6.4 No 0.7 0.8 0.7 0.4 -13
20-Feb AM 1.6 Yes 2.5 3.0 2.1 2.6 2.6
20-Feb PM 1.4 Yes 1.2 55 2.1 3.3 3.0
21-Feb AM 0.8 Yes 25 3.6 3.3 2.3 7.7
21-Feb PM 2.8 Sometimes 0.4 1.6 1.2 0.7 9.5
23-Feb AM 3.4 No 3.0 0.8 1.0 0.6 2.3
23-Feb PM 3.9 No 1.3 0.9 0.7 0.7 -8.8
26-Feb AM 0.7 Yes 2.2 2.4 2.0 2.8 46
26-Feb PM 3.1 No 0.7 1.8 0.9 1.6 -4.7
28-Feb AM 7 No 1.1 0.9 1.0 0.8 -14
28-Feb PM 12 No 0.8 0.8 0.9 0.8 -3.5
1-Mar AM 2.0 Yes 1.3 1.6 16* 14 43
1-Mar PM 7.5 No 1.1 0.6 1.0 1.1 -3.4
4-Mar AM 3.7 Yes 0.8 0.9 1.0 1.0 -7.6
4-Mar PM 6.1 No 0.6 0.7 1.0 1.1 -2.0
6-Mar AM 3.3 Sometimes 1.1 1.1 1.0 1.0 -3.1
6-Mar PM 4.8 Sometimes 0.9 0.6 1.0 0.7 -9.0

Average Yes 1.7%* 2.8** 2.0%* 2.2*
Average Sometimes 1.0 1.3 1.3* 0.9
Average No 1.2 0.9 0.9 0.9

The mean temperature and RH over the winter anargrmmampling periods
were 14° C, 22° C and 54%, 75%, respectively (Tdl#2el.1). Jamriska et al. (2008)
found temperature was a dominant factor in numbecentration for nuclei mode
particles. Cooler temperatures in the winter wikedy to contribute to the increase in
particle number concentration observed in FiguBe44l a) and 4.3.4.1 b).

The effects of traffic volume as stated above nisg have influenced the
magnitude of pollution concentrations observedmwinter.
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February 21, (c) July 25, (d) August 7, 2007 conmggimpact and reference zones.

3.3.5 Non-Freeway Arterial Impact Zones

Effects from arterial road vehicle emissions caodde quite high in impact zones
when these locations are downwind of arterial raagsawith HDDT traffic. This is
illustrated in Figure 4.3.5.1a for the morning efbiFuary 13 when the northerly winds
caused elevated pollution concentrations in impaoes to the south of PCH and
Anaheim. Figure 4.3.5.1b shows the absence oftsffeom PCH and Anaheim when
afternoon winds shifted to the west. Morning wiped and direction were 2 thand
from the north, while afternoon wind speed anddliom were observed to be 6 fand
from the west. The observed changes in wind spaddlirection resulted in afternoon
pollution concentrations that were generally 2 torées lower than morning
concentrations in both arterial impact and refeeeranes.
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3.3.6 Stationary Monitoring at a Heavily Impacted Intetsen by the Mobile Platform

High impacts near arterial roads were also obsktveing stationary sampling at
intersections. Emissions at intersections werguigatly high due to the confluence of
roads, causing greater relative traffic densitgoagpanied by frequent hard
accelerations. This was, shown in previous workrtmuce high, on-road concentrations
(Fruin et al., 2008). The Fast Food Site, locatedhe northwest corner of PCH and
Santa Fe, was one such intersection with frequ&iHtraffic. Rough diesel truck
counts (including HDDT) over several days of wirded summer sampling at this
intersection showed an average of about 11 diase{g per stop light change on PCH
(about every 2 minutes) or, 340 trucks per houresk counts agree well with those by
Houston et al. (2008) made at the same locatiom weekday averages of 300 trucks per
hour with a maximum of 350 trucks per hour. Trgokints at the Fast Food Site were
also similar between winter and summer seasondeaiwkeen morning and afternoon
sampling.
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As diurnal truck counts appeared to be steady a@easons and a given time of
day, impacts from traffic on PCH were expecteddeghbmarily dependent on wind
direction. Table 4.3.6.1 shows pollution concetndres observed at the Fast Food Site
based on wind direction (whether the site was dowdwf PCH or not) and also
includes mean pollutant data for freeway and atémpact zones (a.m. only and
included both winter and summer sampling days)amealues for the Fast Food Site
were based on the nine selected sampling days$uonmer and winter seasons. The
largest impacts were observed when the Fast Fadedv@s directly downwind of PCH
(when winds were from the southeast). The sitealss downwind of the roadway (but
not the intersection) when winds were from the meaist, but completely upwind of the
intersection when winds were from the northwesbn€&quently, the lowest pollution
concentrations were observed during times of nattwinds.

Effects from the fast food site itself due to cawkor from other vehicles in the
parking lot were not evident in these data and wesseimed to be not significant
compared to impacts from HDDTs on PCH. Duringghemer sampling, the site was
dominated by southeast winds, while northwest amwtheast winds were most frequent
during winter sampling. As shown in Table 4.3.6ohcentrations of pollutants at the
Fast Food Site were several times higher comparédtbse concentrations observed in
freeway and arterial impact zones, potentiallyéasing exposures for persons who
spend a significant fraction of their day in simifeoriented businesses.

Table 3.3.6.1. Mean concentrations of BC, PB-PARPWANd NO measured at the Fast
Food Site in the winter and summer of 2007 withregponding wind direction measured
with the mobile platform. Values are compared samAM and PM freeway and
arterial impact zone concentrations.

Downwind? (Wind Direction,
degrees from N)

No Sometimes  Often Freeway Arterial Impact
(270- (0-00)  (90-180) Impact Zone Zone AM
360) AM Average Average
BC (ug n¥) 2.1 3.5 8.4 4.8 6.8
%’B'PAH (hgm 5 60 155 65 88
NO (ppb) 27 61 171 88 53
UFP (x1Gcmi®) 33 43 45 38 99

3.4 Conclusion

The measurements presented here document how-thésteld pollutant
concentrations such as BC, NO, UFP, and PB-PAHRkigtdy elevated within 150 m of
freeways and arterial roads that have significambants of diesel traffic, resulting in
large spatial areas being impacted. In the regfdros Angeles studied, diesel truck
volumes were exceptionally high, up to six-hundeed hour for arterial roads (Houston
et al., 2008) and over 2,000 per hour at peak hiourthe 1-710 freeway. However, since
high impacts were found near these roadways whetleeeavind placed a given area
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downwind of the roadway, we expect similar impaotsccur in rough proportion to
diesel traffic volumes throughout Los Angeles attteourban areas (assuming
temperature inversions and wind direction orieotato roadway are similar). This
could translate to enhanced exposures for hundrethf®usands of persons that live,
work, or use amenities near busy roadways, andfisigntly higher exposures than
would be predicted by ambient measurements at mpaéted sites.

In general, we observed the highest roadway impadtee morning hours, with
two to five times higher concentrations within 10f the freeway, up to four times
higher within 150 m of arterials, and five timegher within 10 to 15 m of intersections,
when study areas were downwind of the roadwayth®pollutants studied, we did not
see significant impacts from gasoline-powered Mekiper se, but we did observe
elevated CQIlevels with elevated levels of diesel-related galhts. In the case of the
area near the Ports of Los Angeles and Long Bdagher impacts were observed in the
summer as study locations were more frequently domchof major roadways compared
to the winter, although we expect that decreasedtewwmorning wind speeds and reduced
mixing heights may have led to higher winter imgdntareas not measured in our study.
One additional finding of importance was that intpamccurred whenever any significant
fraction of the wind direction placed a given locatdownwind of a freeway or arterial
road; the observance of high roadway impacts didetuire steady nor consistent wind
directions.
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4.0 MOBILE PLATFORM MEASUREMENTS IN WEST AND DOWNTOWN
LOS ANGELES

4.1 Observation of a Wide Area of Air Pollutant Imp&xwnwind of a Freeway
During Pre-Sunrise Hours

4.1.1 Introduction

Air quality in the vicinity of roadways can be smisly impacted by emissions
from heavy traffic flows. As a result, high cont@tions of air pollutants are frequently
present in the vicinity of roadways and may resulidverse health effects. These
include increased risk of reduced lung functionufigakreef et al. 1997), cancer (Knox
and Gilman 1997; Pearson et al. 2000), adversé&agsfy symptoms (van Vliet et al.
1997; Venn et al. 2001; Janssen et al. 2003), asthm et al. 2002; McConnell et al.,
2006), and mortality (Hoek et al. 2002).

Previous studies have shown elevated vehicle-cekitepollutant concentrations
and gradients downwind of roadways during daytiréchins et al. (2000) measured
concentrations of fine and ultra-fine particles RJfat a distance of 15 to 375 m from a
major roadway during the daytime. They found comr@ions decayed to about half of
the peak value (at the closest point to the roajlaagpproximately 100-150 m from the
roadway on the normal downwind side. Particle eotr@tions were not affected by the
roadway at a distance farther than 15 m on the abuapwind side, indicating a sharp
gradient of fine and ultrafine particles. Simisindies were conducted by Zhu et al
(2002a, b), who measured ultrafine particles, G, l@ack carbon (BC) along the
upwind (200 m) and downwind (300 m) sides of avir@gin Los Angeles during the
daytime. Peak concentrations were observed imnedgiadjacent to the freeway, with
concentrations of air pollutants returning to updvbackground levels about 300 m
downwind of the freeway.

The few near-roadway studies conducted at nightated larger areas of impact
than during daytime. UFP concentrations at nigktenreported by Zhu et al (2006), who
conducted measurements upwind (300 m) and down(®®@ m) of a freeway from
22:30 - 04:00. Although traffic volumes were muatver at night (about 25% of peak)
particle number concentrations were about 80% higen downwind of the freeway
compared with the day, with UFP concentrations-60,000cm™ about 500 m
downwind of 1-405, a major Los Angeles freewayidgrthe night. Fruin and Isakov
(2006) measured UFP concentrations in Sacrameatdpfia, near the 1-50 Freeway
between 23:00 and 01:00 and found 30-80% of maxiroemterline concentrations
(measured on a freeway overpass) 800 m downwind.

In the present study, the use of a full-size, moéal mobile platform (MP)
allowed more pollutants to be measured than previighttime studies and with
improved spatial and temporal resolution. Whisvéling at normal vehicle speeds, an
instrumented mobile platform allows measurements avgreater distances and in
shorter times (Bukowiecki et al. 2002a, b; 2003n&ratna et al. 2004; Kittelson et al.
20044, b; Khlystov and Ma 2006; Kolb et al. 2004jdR et al. 2004, 2006; Unal et al.
2004; Weijers et al. 2004; Westerdahl et al. 20GH9 et al. 2005; Isakov et al. 2007;
Baldauf et al. 2008; Fruin et al. 2008). Howeverdate, such studies have focused
almost entirely on daytime and evening periods.
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In the present study, air pollutant concentrategse measured over a wide area
on the south and north sides of the I-10 freewayeast Los Angeles, California, 1-2
hours before sunrise in the winter and summer ssasi02008 using an electric vehicle
mobile platform equipped with fast-response insenta. We observed a much wider
area of impact downwind of the freeway than regbiteprevious daytime and evening
studies, consistent with low wind speed, absendarbfilent mixing, and nocturnal
radiation inversions. Our pre-sunrise results vedse strikingly different from those we
observed for the same route during the daytimer. dbservation of a wide area of
impact during pre-sunrise hours, up to about 60gomind and 2,000 m downwind, has
significant implications for exposures in residahtieighborhoods adjacent to major
roadways.

4.1.2 Results and Discussion
4.1.2.1 Real-time Traffic Flow

Traffic flows were collected or measured on thé lieeway, the pre-sunrise
route itself, and the major surface streets tramggthe pre-sunrise route. Real-time
traffic flow on the freeway was obtained from thre@&way Performance Measurement
System (PeMS) provided by the UC Berkeley Instibft€ransportation. Sensors were
located at the Dorchester Station, about 300 m tr@rintersection of the pre-sunrise
route and the freeway. Since there were no rampgits between the Dorchester
Station and our route, the PeMS data accuratehgsepted the traffic flow on the I-10
freeway where our route passed under the freewaaffic flow on the pre-sunrise route
itself was monitored and recorded by a Stalkerdridigital System on the mobile
platform. The recorded videos were replayed aricles on the pre-sunrise route were
manually counted. Traffic flows on the major creg®ets (e.g. Olympic Blvd., Pico
Blvd., and Ocean Park Blvd.) were manually courttedng the winter season on a
weekday at times similar to when the pre-sunrisagueements were conducted.

4.1.2.2 Meteorological Data

Meteorological conditions, including atmospherialslity, temperature, relative
humidity, wind speed and wind direction, play arportant role in determining air
pollutant concentrations and gradients along ameheiond of roadways. During each
run, the mobile platform was periodically stoppétbaations along the pre-sunrise route
to obtain wind data from on-board instruments (€dbll.2.1). These data were
compared with the measurements from the Santa Maxrport (SMA) located about 1
500 m downwind of the I-10 freeway and in the immaglvicinity of the route. Both the
averaged wind speeds measured by the mobile platiod by the SMA were quite low
during pre-sunrise hours, in a range of 0-1.0 mésthe averaged difference between the
two measurements was about 0.3 m/s. Temperatdrestative humidity were obtained
from SMA data.
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Figure 5.1.2.1 shows the wind roses and vectora@esl wind direction for five
days, March 7, 12, 18, June 30, and July 2, frota dallected by instruments on the
mobile platform. Wind speeds were low during the-punrise hours, with monitoring-
period averages ranging from 0.0 to 1.0 m/s. Mesaged wind directions measured by
the mobile platform indicated a predominant directof N/NE/NW during the pre-
sunrise runs, which agreed reasonably well withaatrwind direction data for the same
period. For this predominant wind direction, tloeth side of the I-10 freeway was
upwind; the south side downwind. Although havingreadominant direction from north,
the wind was not completely perpendicular to thi® freeway. Hence, the distances
pollutants traveled from the freeway to variousalbans along the route, including the
major cross surface streets, were generally lothgar indicated by distances shown in
Figure 3.4.2.1. For example, the straight perparidr distance of Ocean Park Blvd. to
the 1-10 freeway is ~ 950 m, whereas for the avetagiad direction of 25for the pre-
sunrise run, the distance pollutants traveled wa850 m. However, due to the
variability of meteorological conditions, the penpicular distances were used to indicate
impact distances in the present study.

While detailed thermal structure data for the lowagers of the atmosphere in
the area of our pre-sunrise route were not avaahk available data indicate the days
sampled had stable (i.e., vertical) temperaturélpsoor strong nocturnal radiation
inversions in the hours before sunrise. Data aEmbat the Santa Monica Airport
indicated the nights on which sampling took pla@seclear up to at least 3,000 m, and
had either offshore flow or a weak land breeze atmsistent with clear skies; clear
skies are conducive to the formation of nocturniadage inversions due to the ground
and the air near it rapidly losing heat under tlearcskies.

Data collected by the South Coast Air Managemestridt (SCAQMD) at the
Los Angeles Airport (LAX), ~ 8 km south of pre-suseiroute, were also consistent with
an inversion or stable conditions at the surfa@n 3/10 and 3/18, the data showed
temperature inversions from the lower edge of tkasarements at 130 m up to 190 m or
more, respectively. On 6/30 and 7/2, the profilesenstable from 130 to 190 or 260 m,
respectively, with capping inversion layers aboVind speeds during the pre-sunrise
hours were too low to create appreciable vertigalng in the presence of these
temperature profiles, and the shallow mixed layas Vikely thinner in March than in
June/July.

4.1.2.3 Observation of a Wide Impact Area Downwind of thiedway During Pre-
sunrise Hours

As shown in Figure 5.1.3.1, a wide impact areal@faed UFP concentrations,
more than 2,000 m downwind and 600 m upwind oflth@ freeway, was observed
during the pre-sunrise hours on the monitoring dayke two seasons. In this wide
impact area, elevated UFP concentration extendgahideDonald Douglas Loop N
located on the south side and 1,200 m downwintdefreeway (Figure 5.2.3.1). Here,
1,200 m downwind, the average UFP concentrationsglthe winter sampling hours,
typically 06:00-07:30, were as high as ~ 40,000°c®nly at a downwind distance of
about 2,600 m (Palms Blvd.), did the UFP conceiatnadrop to ~15,000 ct
comparable to the upwind background level.
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Figure 4.1.2.1. Wind roses for pre-sunrise samgtiogrs. (a) March 7; (b) March 12; (c)

March 18; (d) June 30; (e) July 2. The thin lineeach wind rose indicates vector-
averaged wind direction.
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run measurements were made continuously up todipeseof the freeway.

In the winter season, the peak UFP concentratianaparoximately 95,000 ¢
a few tens of meters downwind of the freeway. Uplythe concentration dropped
sharply to around 40,000 ¢h80 m upwind (Virginia Avenue) and returned to
background levels of ~15,000 &hat ~ 800 m on the upwind side, creating a moderate
upwind gradient north of the I-10 freeway (Figur&.3.2). Interestingly, the upwind
impact distance during the pre-sunrise hours, ~m80@as far greater than that of ~15 m
observed during the day by Hitchins et al (200@) also greater than that measured by
Zhu et al (2002b). This may be caused by the cmealy variable wind direction during
the pre-sunrise hours for which the nominal upvait® of the 1-10 freeway could
temporarily become downwind. These occasional atgpan the nominal upwind side of
the freeway appear to have had substantial infli@mcthe averaged upwind UFP
concentrations due to their otherwise low levels.

As seen in Figure 5.1.3.1, the UFP concentratisa décreased on the downwind
side, but much more slowly than on the upwind sidlea downwind distance of about
600 m from the freeway, UFP concentrations duringev were about twice those on the
upwind side (50,000 cthvs. 22,000 cnit). Even 950 m downwind, at the intersection of
Ocean Park Blvd., the UFP concentration remainddgisas 45,000 ci higher than at
30 m upwind. These pronounced differences in gradiof UFP concentrations resulted
in strong contrasts between the upwind and downwides of the I-10 freeway during
pre-sunrise hours (Figure 5.1.3.1).
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As shown in Figure 5.1.3.2, NO and PB-PAH exhibitedcentration gradients
similar to UFP along the route during the pre-ssmtiours. Peak concentrations of NO
and PB-PAH (on the downwind side) were about 185 amd 55 ng i, respectively, in
the winter season. Upwind, NO and PB-PAH concéntra dropped rapidly to 70 ppb
and 30 ng i, respectively, at a distance of about 150 m. omtrast, on the downwind
side, NO and PB-PAH concentrations of 70 ppb and@0i°, respectively, extended to
a distance of about 1,200 m from the freeway (N@RB-PAH data were unavailable
for summer measurement due to instrument problemaegithe pre-sunrise runs).
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Figure 4.1.2.3. Average NO and PB-PAH concentratemd gradients, along the pre-
sunrise route in the winter season. Positive degs are downwind and negative
distances upwind from the 1-10 freeway.

Figure 5.1.3.3 shows normalized UFP concentrationthe two sides of I-10
freeway during the pre-sunrise hours in the wiated summer seasons. UFP
concentrations were normalized for each complatdnaveled on our route, and then
averaged together for all the runs for each sea®dile there was little or no traffic on
our route during the pre-sunrise hours, vehiclent®on the same route during the day
were much higher and emissions from these vehsigsficantly and frequently affected
measurements by the mobile platform. Moreoverptigesunrise route was only driven
once in the morning after sunrise and once in ttegreoon, in contrast to multiple times
in the pre-sunrise period. For both of these nes;scomparison between pre-sunrise and
morning/afternoon measurements on the pre-suroige are not meaningful. Instead,
we show normalized data from Zhu et al. (2002b)ctvivere not affected by local
traffic, to compare with our pre-sunrise measuremen

51



1
—— Pre-Sunrise: Winter
1 — — Pre-Sunrise: Summer
s 0.8 | b\ - - - Daytime (Zhu et al 2002b)
= L\
© .
= ' \
8 06| A
5 b
(@) \
o N\
5 o4l ~
() ~ ~
5 ~ N
©
- ~
I} - ~
x 02} 5 ~
e Freewa —_—
Y e
Upwind (—3—)Downwind
0 wwwwwwwwwwwwww ;: wwwwwwwwwwwwwwwwwwwwwwwwwwwww
-1500 -1000 -500 0 500 1000 1500 2000 2500 3000

Distance from Freeway (m)

Figure 4.1.2.4. Relative averaged UFP concentra@om gradients along the pre-sunrise
route by season and compared with Zhu et al (200Rb}itive distances are downwind
and negative upwind from the I-10 freeway. Dataengcquired continuously for pre-
sunrise measurements, up to the edges of the fyeewa

As Figure 5.1.3.3 illustrates, pre-sunrise UFP eotration gradients in the
present study exhibited very different behaviontttze typical narrow daytime UFP
gradients measured by Zhu et al. (2002a, b). trpoersunrise measurements, UFP
concentrations remained elevated above the backdrewel up to ~ 600 m upwind of
the freeway versus only ~17 m upwind for the Zhalef2002b) daytime measurements.
On the downwind side in the Zhu et @002b) measurements, UFP concentrations
dropped to about 25% of the peak concentrationm3@@wnwind of the freeway during
the day, but in the present study, in strong cehtthe UFP concentrations remained
about 40% of the peak as much as 1 200 m downwitttedreeway, and was above
background levels out to ~2,000 m during the preisarhours.

To quantify these differences in UFP concentratamgquation of the form

C = a+e ™was used to fit our observed relative UFP concéotra downwind of the |-
10 freeway during pre-sunrise hours, as well agl#ytime data reported by Zhu et al
(2002b). As seen in Figure 5.2.3.4, the decayteonss a factor of five higher for the
daytime vs. the pre-sunrise period, with valueb of 0.0098 and 0.0018, respectively.

Pre-sunrise relative UPF concentrations exhibibedla trends in both winter
and summer (Figure 5.1.3.3). Although UFP coneiatns in the summer were about
40% those in the winter (due to lower traffic floas the I-10 freeway, as discussed
below), the similar trends in relative UFP concation imply similar UFP propagation
during the pre-sunrise hours in the two seasohsadfh meteorological conditions were
somewhat different.
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Figure 4.1.2.5. Exponential fits to the downwinthtee UFP concentrations with
distance from the I-10 freeway during pre-sunrigarlh, compared with fit to daytime

data downwind of the 1-405 freeway by Zhu et al(Q2b). Data were acquired
continuously for pre-sunrise measurements, updcetiges of the freeway.

4.1.2.4 Correlation of pollutant concentrations with trafiounts on I-10 freeway

PeMS data showed a similar diurnal traffic pati@nrthe 1-10 freeway on
different weekdays during the pre-sunrise houtsaii winter and summer (Figure
5.1.4.1b). Traffic counts on the freeway exhibiégdapproximately linear increase with
the time (between 5:00 and 7:30 am). Howeverngudi4:00 — 05:30 (when summer
measurements were conducted) traffic counts weverlon summer than in winter. We
attribute part of the lower traffic counts in summeemost schools being closed and
vacation season in summer, as well as the dramnatiease in gasoline prices between
March and July 2008, resulting in a significant @hereduction in vehicle miles
traveled. Also, sunrise was about one hour amekfif minutes earlier in summer (~
05:45) than in winter (~ 07:00), which required amlier measurement period in summer
(~ 04:15 — 06:30) compared to winter (~ 06:00 — 0)7:80d corresponds to much lower
overall traffic counts during the pre-sunrise measwent periods in summer (all times
shown are PDT).

During the measurement period in winter, trafficiets on the freeway increased
from ~ 530 to ~ 900 vehicles per 5 minutes, whilsummer counts increased from ~ 60
to ~ 620 vehicles per 5 minutes. Assuming a limeerease of traffic counts with time,
the average traffic counts during the pre-sunrisasurements periods, winter versus
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Figure 4.1.2.6. (a) Comparison of traffic volumestle 1-10 freeway, pre-sunrise route,
Pico Blvd., and Ocean Park Blvd. during pre-sunhigers on a typical weekday; (b)
Traffic counts on the I-10 freeway during pre-seanmeasurements; solid line represents
averaged count of the three days in the wintersseasd dashed line for two days in the

summer season. Sunrise times shown here weregavkefar each season.

summer, were ~ 715 vs. 340 vehicles per 5 minuéssyting a ratio of ~2.1. This ratio
of seasonal traffic counts compares well with #itgorof the UFP concentrations
measured in the winter vs. summer of ~ 2.2-3.0, nidipg on distance from the freeway
(Figure 5.1.3.1). It should be noted that the isenimes during the winter (March)
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measurements, because they occurred just aftemntlbeh to Pacific Daylight Time
(PDT), were close to the latest annual (local) senimes, and thus may represent
roughly the upper limit for the freeway impact taghout the year.

We attribute the relatively high pollutant conceatittns we observed downwind
of the I-10 freeway during pre-sunrise hours tossmoins of vehicles traveling on the 1-10
freeway, combined with strong inhibition of verticaixing due to stable or inverted
temperature profiles near the surface. Figuret®2khows the UFP and NO
concentrations measured at Ocean Park Blvd., ~ 986wnwind, vs. the traffic counts
on the freeway during the pre-sunrise hours orethrernings of the pre-sunrise runs in
the winter season. Both the freeway traffic cohtgure 5.1.4.1b) and pollutant
concentrations increased rapidly during the praisarhours, and exhibited a strong
correlation with each other. For UFP, the valuiesqoiared Pearson correlation
coefficients (f) were above 0.90 and for NO, above 0.77 (nitriclexdata were
unavailable for summer measurements due to instrtipreblems during the pre-sunrise
runs). Strong correlations at other distances filenfreeway were also found between
UFP concentrations and traffic counts on the frgeweor example, the correlation
coefficients, ¥ for UFP measured at Pearl St for three winter $iagplays were above
0.85.

Based on our video tape observations and thedredfints we conducted on
surface streets, as well as the strong correlapogsented in Figure 5.2.4.2, we believe
the measured concentrations of air pollutants dutie pre-sunrise hours were
predominantly determined by the traffic counts o 10 freeway, and that the impact
of local surface street traffic was minor. Traffiglumes on the pre-sunrise route itself
were only about 2% of those on the I-10 freewagoatesponding times. Traffic
volumes on the three major surface streets crosBengre-sunrise route, Ocean Park
Blvd., Pico Blvd., (downwind of the freeway), antiy@pic Blvd (upwind of the
freeway) were also low, only about 8%, 6%, and 68pectively, of those on the
freeway. Most of this early-morning cross traffic our measurement route encountered
green lights. If the emissions of the occasiomdligles on these surface streets were
significant, the pollutant concentrations measutednwind of the streets should have
been higher than upwind, but this was not the qaseajgnificant gradients in
concentration were observed between the two siti®ese streets. Hence, the
contribution of emissions from vehicles on the acef streets to our pre-sunrise
measurements ranged from minor to insignificant gared to emissions from freeway
traffic.

One case in which we find possible evidence of mome¢ontribution from non-
freeway emissions involves the shallow shouldddki# concentrations on Ocean Park
Blvd. (~950 m downwind) and shown in Figure 5.1.3Ttaffic counts on this major
surface street were ~8% of the freeway counts (Ei§2.4.1a), which may have resulted
in a small local UFP, NO, and PB-PAH contributiorthe measured concentration. A
local contribution of ~6% traffic count on Pico BlMd not apparent in the measured UFP
concentration in Figure 5.2.3.1, probably due todloser proximity of Pico Blvd. to the
I-10 freeway (~250 m downwind).
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Figure 4.1.2.7. Linear regressions between UFPNEDi@oncentrations at Ocean Park
Blvd (950 m downwind of I-10 freeway), and trafiounts on the freeway during the
pre-sunrise hours in the winter season.

Although the mobile platform measurements coulafbected by emissions from
vehicles occasionally encountered on the pre-seinoiste or cross-surface streets, these
encounters typically exhibited only a short, transispike of elevated concentrations.
Furthermore, the overall pre-sunrise concentratasmsgradients presented were
averaged from 18-24 runs in winter and 12-16 rarsummer and for all these reasons
were generally not significantly affected by emigs from occasionally encountered
nearby vehicles. The Santa Monica Airport (SMA3naall local airport, located south of
the pre-sunrise route, had no impact on any opoessunrise measurements since it has
severely restricted hours to minimize noise padlitiand was closed during all of our
pre-sunrise experiments.
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4.1.2.5 Size distribution of ultrafine particles along theeway

The use of a fast mobility particle sizer (FMPSitjmits 10 s scans, allowed
accurate monitoring of the changing particle siggrithution as a function of distance
away from the freeway. Figure 5.1.5.1 shows awetdlgP size distributions for five
downwind and two upwind intersections during the-punrise hours in the winter
season, with decreasing particle numbers and isicrgaizes as distance downwind
increases, until the upwind size distribution wasghly matched at 2 600 m. At the
downwind intersections up to 1 200 m from the fragmwo to four times higher
concentrations of ultrafine particles less tham#Owere observed compared with
upwind locations (Figure 5.1.5.1).
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Figure 4.1.2.8. Size distributions of ultrafine toides measured by a TSI Model 3091
FMPS at upwind (UW) and downwind (DW) intersecti@hsing the pre-sunrise hours in
the winter season.

For the intersections nearest the freeway (e.gs&®nL00 m downwind, and
Pico, 250 m downwind), bi-modal peaks in the sa®ges of ~9-12 nm and 16-20 nm
were observed. For downwind intersections fartlvealy and for the upwind
intersections, UFP peaks observed were typicallyl2 8m and ~16-20 nm , and 28-35
nm, corresponding to freshly generated UFP and pgdttles, respectively. UFP size
distributions at a distance of 2 600 m downwindrizaBlvd.) and 1,000 m upwind
(Harvard St), considered “background” locationsyengmilar with a dominant mode at
30-60 nm.

In summer, downwind UFP size distributions also &aunall mode of 9-12 nm.
The persistence of the 9-12 nm peak in UFP conagoris during pre-sunrise hours over
a wide area can be attributed to increased contlensd organic vapors and slower
rates of conversion to larger particles for thelenastable air conditions prior to sunrise
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during our winter and summer campaigns. Theseittond would also promote the
more elevated UFP concentrations observed in aispnrise runs compared with
daytime runs.

4.1.2.6 Pre-sunrise vs. daytime concentrations in pregadiysExposure implications

Although traffic volumes on the freeway during fire-sunrise hours were
markedly lower than during the daytime (~ 30-80%edk congestion traffic volumes),
air pollutant concentrations measured prior to isenwere significantly higher than in
the morning or afternoon runs. Figure 5.1.6.1 shtive UFP concentrations measured at
Pearl St., ~600 m south of the freeway, during tieespinrise and daytime hours in
winter. The median UFP concentrations were 49¢908, 24,000 crit, and 19,000 cif
for the pre-sunrise, morning, and afternoon, retpalg. Clearly, there was sufficient
traffic flow on the I-10 freeway combined with theeteorological conditions during pre-
sunrise hours to result in elevated concentratdié~P, NO, and PB-PAH over a wide
area of the downwind (up to ~2,000 m) and upwindt¢up 600 m) residential
neighborhoods. Since the pre-sunrise hours adiaite when most people are in their
homes, our observations imply the potential fovaled exposures for many more
residents in these neighborhoods, adjacent to figewar above the numbers of people
that live within the ~300-500 m range reported irieadaytime and evening studies.
Additional measurements in the pre-sunrise permamivind of other major roadways
should be conducted to confirm our novel findings.
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Figure 4.1.2.9. Comparison of UFP concentratian®earl St. (600 m south of I-10
freeway) at different times in winter: pre-sunrf®SR), mid-morning (AM), and mid-
afternoon (PM).
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4.1.3 Conclusions

A wide impact area of elevated pollutant concaidns on the downwind (up to
~2,000 m) and upwind (up to ~600 m) sides of a frgemas measured during the pre-
sunrise hours during typical meteorological comaisi characterized by weak winds and
a strong radiation inversion. To make these measents, a mobile platform, equipped
with fast-response monitoring instruments, drowagla transect crossing under the 1-10
freeway and passing through a large residentight@rhood. On the upwind side of the
freeway, air pollutant concentrations dropped glyidiut remained elevated up to ~600
m from the freeway. On the downwind side, air p@iht concentrations (UFP, PAH,
NO) dropped much more slowly and extended far beéyba typical ~300 m distance
associated with the return to background pollulkewetls observed in previous studies
conducted during daytime. For example, elevatadfiie particle concentration of
about 40,000 cifextended to ~1 200 m downwind of the freeway inviiteer season,
which was about 40% of the peak UFP concentratifjecant to the freeway.

Although traffic volumes during the pre-sunrise rowere lower than during the
day, the UFP concentrations were significantly bigh the pre-sunrise period. We
attribute this pre-sunrise phenomenon to strongsperic stability, low wind speeds (~
0-1 m/s), low temperatures (~9°C3, and high humidities (~61-79%), facilitating lamg
lifetimes and slower transport of UFP before ddatand dispersion to background
levels. Nocturnal inversions are a widespread pimamon particularly on clear nights,
and our results suggest broad areas of elevatéatangks around major roadways may be
common in the early morning hours. The implicagiof these observations for
exposures to vehicle-related pollutants shouldubthér explored.

4.2 QObservation of Pollutant Concentrations Downwindahta Monica Airport
4.2.1 Introduction

A handful of studies have shown that air qualityhia vicinity of major airports
can be seriously impacted by emissions from a@wibf aircraft and ground support
vehicles. Concentrations of ultrafine particle R)Fparticle-bound polycyclic aromatic
hydrocarbon (PB-PAH), black carbon (BC), and,Nt&re measured in the vicinity of
Los Angeles International Airport (LAX) and markgdiigh UFP concentrations of
about 5.0x10cm™ were observed 500 m downwind of the takeoff rursv@yesterdahl
et al. 2008). The observed downwind UFP numbecewninations were dominated by
freshly generated particles with peak modes of 3@+t while upwind UFPs were
dominated by aged particles with a mode of aboutr0

A study of London Heathrow Airport (Carslaw et 2006), reported aircraft NO
at least 2.6 km from the airport. Approximatel\2éf the annual mean N@as due to
airport operations at the downwind airfield bounygaeclining below 15% at 2-3 km.
VOC, NQ,, CO, and C@Qwere measured around the Zurich Airport (Schirmanal .
2007). The observed CO concentrations were highheddent on aircraft movement,
while NO emissions were dominated by ground supyeicles. In a study of airborne
PB-PAH and vapor-phase PAH concentrations duritigiies of C-130H aircratft,
average PB-PAH concentrations of 570 rigwere observed 20-30 m at low and high
idle, as compared to about 14 ng rackground concentrations (Childers et al. 2000).
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Studies around general aviation airports are momgeld. Recently, the South
Coast Air Quality Management District made meas@m@sof PM2.5, total suspended
particles (TSP), lead, and ultrafine particle conicions in the areas around Santa
Monica Airport (SMA), the subject of the presenidst, and nearby Van Nuys Airport
(Fine, 2007). They found no discernable elevatib®4 hr averaged PM2.5 mass, and
highly elevated total suspended particulate legdifbto a factor of 25 (to 96 ngth
immediately adjacent to the takeoff area and afamft 7 higher than background (to 28
ng n°) in the residential area. They also observedespif ultrafine particle number
concentrations associated with aircraft departures.

Typically a buffer area isolates commercial airpdrom residential
neighborhoods to reduce noise and pollution impaStsall airports in heavily populated
areas do not necessarily have these buffers, how&veesidents may be more directly
exposed to aircraft emissions. In the currentystad pollutant concentrations were
measured using a mobile platform (Hu et al. 200&zda et al. 2009) during spring and
summer seasons of 2008 downwind of SMA locatedaim&Monica, California. SMA
is a small airport operated for private aircraftl @orporate jets, occupying a 1600 m by
750 m area, as shown in Figure 1. SMA is closelyndled by dense residential
neighborhoods with narrow buffer areas, particylatithe ends of the runways (Figure
1). We observed markedly high concentrations iopailutants in the residential
neighborhoods downwind of SMA due to aircraft atieég, particularly takeoffs,
suggesting current land-use practices of reducédroareas around local airports may be
insufficient.

4.2.2 Methods
4.2.2.1 Mobile Platform and Data Collection

A Toyota RAV4 sub-SUV electric vehicle served as mhobile platform,
eliminating any potential self-pollution. Tablesthows the sampling instruments and
equipment installed on the mobile platform. Ulinafparticles were measured by a Fast
Mobility Particle Sizer (FMPS) spectrometer in siaage of 5.6-560 nm, which includes
the UFP size range of less than 100 nm. Mostuns#nts had a time resolution of 1-20
seconds except the Aethalometer, which had onetentimae resolution. Calibration
checks and flow checks were conducted on a bi-nipatid daily basis, respectively (Hu
et al. 2009; Kozawa et al. 2009).

4.2.2.2 Measurement Sites

SMA experiences consistent wind patterns; the megority of days have a sea
breeze (winds from the W to SSW) for most of thg diad a land breeze at night. The
runways of the airport are aligned at about°2&bthat aircraft can take off into the wind.
For all of our measurements, the take off directi@s to the west (as is the case for at
least 95% of days at SMA), with taxi and idle & #ast end of the runway (E, Figure
5.2.2.1). As the airport allows operations of mynergency aircraft only from 07:00-
23:00 on weekdays and 08:00-23:00 on weekendsodoeide ordinances, only daytime
hours were considered. In the current studyptbasurements were conducted
primarily at four stationary sites (A to D indiaagi increasing distances from the airport)
in the residential area downwind of the takeofa(f€) as shown in Figure 5.2.2.1.
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Figure 4.2.2.1. Santa Monica Airport, nearby nbmhood residential area, and
measurement sites east of SMA. The distances weasumed from Google Maps.

Figure 5.2.2.1 includes a line indicating the expécenterline along which

emissions plumes travel during typical on-shorevftmnditions, as if it is an extension of
the runways in the airport. Sites B and D werecel for measurement because they

are approximately on this line. Sites A and C waresen to test the extent of horizontal
impacts and are at perpendicular distances 50 B@an? respectively, from the extended

centerline of the runways.

In spring and summer of 2008, four days of measargswere conducted: April

14 and 20, July 20 and August 8, for 4 to 6% heaxsh day. The four stationary
measurement sites in the residential neighborhdodswind of the airport were

sampled in random order to minimize systematicrerrén addition, the mobile platform
was stopped briefly in the mornings and afternaafrtbree days (July 8, 10, and 12) in

the summer season at Clarkson Rd, site B, andriggon Ave, site D, to confirm the

observations of elevated pollutant concentrationthe dedicated measurement days.

The measurement times are listed in Table 5.2.2.2.
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Table 4.2.2.1. Monitoring instruments on the mobpikgform.

Instrument Measurement Parameter Time Resolution
TSI Portable CPC, Model 3067 UFP Count (10 nm-1um) 10s
TSI FMPS, Model 3091 UFP Size (5.6-560 nm) 10s
TSI DustTrak, Model 8520 PM2.5 Mas$ 5s
Magee Scientific Aethalometer Black Carbon 1 min
EcoChem PAS 2000 Particle Bound PAH 5s
Teledyne API Model 300E& CcO 20s
LI-COR, Model LI-820° CO, 10s
Teledyne-API1 Model 200E NO,, NO, NG 20s
Visalia Sonic Anemometer and.ocal wind speed and direction,
Temperature/RH Sensor Temperature, Relative Humidity (RH)  1s
Stalker Vision Digital System Traffic Documentation 1s

% The data obtained by the CPC were used only asference for the UFP
concentrations measured by FMP& Because of concerns about the quality of the data,
it is not reported here. Qualitatively, its reswitsre consistent with the other mass-based
measurements: These instruments were turned off to save powemfust measurement
times (see text).

Table 4.2.2.2. Air traffic and meteorological cammhs during the tests.

Date Time Arrivals  Departures \ying speed Wind Temperature
(Jetsf  (Jetsf'" °(msh Direction® (°C)
09:00-11:00 21(7)  /(3) 17 230
4-14-2008 23.0
15:30-18:00 15(8)  /(8) 2.4 235
4-20-2008 14:00-18:00 34(13) 18(14) 2.5 261 22.0
08:22-08:25 ; ; 1.0 117 20.1
7-08-2008 N/A N/A
13:20-13:46 2.2 213 21.3
08:27-08:34 q q 1.1 349 20.5
7-10-2008 N/A N/A
13:22-13:35 1.9 204 23.8
08:44-08:58 ; ; 14 200 215
7-12-2008 N/A N/A
13:24-13:34 2.1 226 24.7
7-20-2008  11:50-18:00  42(17)  20(14) 1.9 227 22.2
8-08-2008  15:30-22:00  24(9)  13(8) 3.0 237 22.2

2 Total reported activities during the measuremiené toeriod. ° The airport records all
arrivals but only departures that exceed a spewedise threshold, thus departures exceed
the values reported here. All jet departures gperted, but many small propeller plane
departures are not® Averaged values for the measurement periddsir traffic data are
not available for these measurement periods.
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4.2.2.3 Data analysis and Selection of Key Pollutants

Data were adjusted for the varying response timhéseoinstruments on the
mobile platform to synchronize the measurementsetal. 2009; Kozawa et al. 2009).
UFP, PB-PAH, and BC were selected in the curramystor detailed spatial analysis
because of their large concentration variatiorthénvicinity of SMA, and important
implications for human exposure assessment. €@Qcentrations were used in emission
factor calculations (Section 3.3.3).

4.2.3 Results and Discussion

4.2.3.1 Meteorological Data and Background Concentrations

Meteorological conditions, including temperatuedative humidity, wind speeds
and wind directions (all measured while the mopletform was stopped), can all play a
role in determining air pollutant concentrationsreunding SMA. The average wind
speeds and directions are shown in Table 5.5.2.théomeasurement times. The wind
was stable and predominantly from the SW (204°p#ilthe afternoons, with speeds of
1.9-3.0 m &. In the mornings, the wind had lower speeds @117 m &, and variable
directions in a range of 117-349This implies the east end of airport was always
downwind in the afternoons, but not always in th@mmngs, and pollutant dispersion
rates were higher in the afternoons.

Average background UFP concentrations were 1.¥af6 5x16cm™ in spring
and summer of 2008, respectively. Background UFBRPAH, and BC concentrations,
measured on Stoner Ave 830 m NNE of the takeoH éf¢, on the four dedicated days,
averaged 1+0.3xf@m?3, 5+2 ng n, and 0.3+0.Jug m>, respectively, for the spring and
summer measurement periods combined (PAH data wvedlalale for only 2 of the
summer days).

Measurements were made immediately preceding afalowing stops at the
monitoring sites, on 12 occasions for 3-5 minueashe The UFP concentrations at this
site were relatively stable, consistent with arealog of aircraft or other strong UFP
sources, even when there had been jet activitiv @ithin the 7-8 minutes preceding
the measurements (which happened on 5 occasidhgse background values were
typical of other streets around SMA away from thiduence of the airport, throughout
the spring and summer seasons (see also Hu e®9).28ampling at sites A, B and C,
were about equally weighted between spring and snnifnus for these sites we use this
combined average. Most of the sampling at sitedwever was performed during
summer, so for this site we weighted the backgrdulRE concentrations to match the
distribution of sampling, and thus use 6,000°as the site D average background

4.2.3.2 Air Traffic Volumes and Aircraft Operation

Air traffic logs were provided by SMA. The numbefsarriving aircraft are
listed in Table 2 for the measurement periods ahodded days. Departures are also
indicated; however, the airport only recorded aitigxceeding a sound threshold of 80
db at the west end of the runway, in compliancéwaitocal ordinance, thus small
propeller plane departures were not included irldge Based on statistics of four
dedicated measurement days, the number of aiemafals was about 80/day, of which
about 30 were various small (6-8 passengers) ¢ lgts (20-35 passengers), and the
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remainder were single and twin engine piston anabjrop planes. The diurnal hourly
arrival/departure aircraft activities at SMA foetfour dedicated measurement days show
the great majority of aircraft operations at SMAk@lace during 09:00-20:00 and
averaged about 6 arrivals per hour during theseshou

Jets and propeller planes taxi 800-1000 m to tke ¢éf area E. The taxi time for
aircraft is about 2 minutes, much longer than tteekeration time on the runway during
take-off, typically 20-25 s. Also, because theflight path from SMA intersects that of
Los Angeles International Airport (LAX) about 16 laifter take-off, jets taking off from
SMA must wait for permission from LAX, resulting &n average waiting time of about
5 minutes. This implies an average taxi-waitimgetiof about 7 minutes for jets
departing from SMA.

4.2.3.3 Impact of SMA on Downwind Residential Area

Markedly elevated concentration peaks of ultrafiadicle, PB-PAH, and BC
were observed downwind of SMA, extending to atté&® m along the wind direction
(site D), and 250 m perpendicular to the prevailingd directions (site C, about 300 m
downwind). At all sampling locations, when an &g (particularly a jet) was
preparing to depart, typically a loud noise wastidiast (start of taxi). If the wind was
from the SSW to W, the noise was followed by fusber odors, and then a few minutes
later by elevated concentrations of ultrafine géet, black carbon, and PB-PAH. This
suggests taxiing frequently produces fuel odorsleatard accelerations are usually
necessary to produce large pulses of UFP, PB-PABCo

4.2.3.3.1 Average UFP Concentrations Measured Downwind of SMA

Figure 5.2.3.1 shows UFP concentrations at thedes during the combined
spring and summer measurement periods (Table 8)2.Zhe data are for various
durations at the sites, and thus the quantity tf &tam each site is different. The
numbers of observations for sites A, B, C, and Dew&30, 5100, 470 and 1700 in 5-
second averages, respectively. The average URfetrations at sites A, B, C, and D
were 106K, 97K, 47K, and 15K cirespectively, about 11, 10, 5, and 2.5 times the
corresponding area background levels for all measant days combined. Figure
5.2.3.1 also shows the average BC concentrations 2vé, 1.3, 0.8 and 0j8y/m® at the
sites A, B, C, and D, respectively, elevated frive area background level of ug/m®.
PAH data are not shown because these data argaitatlde for all days. Both UFP and
BC are elevated at all four sites, consistent waithort impacts. However, they are not
elevated by exactly the same ratio at each sitegBsons we are unable to explain with
current data.

Site A is located in a gas station downwind ofititersection of National Blvd.
and Bundy Dr. The mobile platform was stoppedhat3W, upwind, corner of the gas
station, and thus measurements were not likelygtyanfluenced by activities in the gas
station. The likely small contribution of vehiclascelerating from the intersection to the
observed UFP concentrations is discussed in Se6t$hA.3.4.
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Figure 4.2.3.1. UFP concentrations at the four mueasent sites during all measurement

periods (Table 5.2.2.2). The symbd™indicates the mean value of BC concentrations
for all measurement times. It is noted that beeamsch less sampling was performed at
Sites A and C, these data may carry higher uncéiai
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Figure 4.2.3.2. Comparison of size distributiold&iP downwind of SMA and from a
heavy duty diesel truck (HDDT).
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4.2.3.3.2 Size Distribution and Mass of UFP Downwind of SMA

Sixty jet emission size distributions at SMA weralyzed. Aircraft emissions
produced UFP with a median size mode of about 1ivithmlittle variability, consistent
with the observations at LAX (Westerdahl et al 2008igure 5.2.3.2 shows a
representative size distribution of ultrafine paes from a jet takeoff. This peak had a
UFP concentration of 1.0xm". Figure 5.2.3.2 also shows a representative size
distribution of UFP from an isolated heavy dutysdietruck (HDDT) measured by our
MP on a surface street in the downtown area ofArugeles. The peak UFP
concentration was also about 1.0%4@3, but the mode, about 22 nm, is significantly
larger than the modes of the UFP distributions nteskfrom aircraft. The peak UFP
concentrations from the aircraft and HDDT were ddd@0 and 25 times the background
levels (which were not subtracted), respectivé@yze distributions were collected after
the emissions plumes had been diluted sufficightly they would not be undergoing
significant self coagulation, which has been caltad to be any time after the first 1-3
seconds following exhaust released from the taié gzhang and Wexler 2004).

Aircraft activity clearly results in markedly eleea UFP number concentrations,
but because UFPs are so small, they make only modesibutions to mass
concentrations. For example, the average numberetdration at Clarkson site B (100
m downwind) was about 9.7x16m* during the measurement periods, ten times the area
background level. The calculated mass contributiodFP caused by aircraft averaged
0.6 g m*, assuming a particle density of 1.2 gt(iVesterdahl et al 2008), only about
3% of the annual basin background level of pg81°of PM2.5. If 24-hr measurements
were conducted to obtain average particle massecrations, the contribution of
aircraft-related UFP during the aircraft operatp@miod, typically 07:00-23:00, would be
even smaller, consistent with the SCAQMD measurgsn@fine 2007). It should be
noted, however, that potential health effects oPUjenerally focus on the size and
number of such particles and not their mass (ehgng and Wexler 2004).

4.2.3.3.3 Relationship Between Downwind Pollutant Concentragiand Aircraft Events

Figure 4 shows typical time series of air pollusameasured at site B downwind
of idle/take off area E (Fig. 5.2.2.1) at SMA oe tiiternoon of July 20, 2008. On others
days of measurements, similar elevated air poltutancentrations, at least 10 times the
seasonal background level, were repeatedly obsetvi four sites. Note that the time
of aircraft departures from the SMA log and peakPWlncentrations are very close, but
do not always correspond perfectly. This may betduccasionally high aircraft
emissions during taxi as well as deviations resglfrom the resolution of the airport log
data (1 minute), and variable travel time of thenp¢ from the departure monitor, which
is located near the west end of the runway (takarefa W, Fig. 5.2.2.1).

Extremely high pollutant concentrations were obsdrat Site B, Clarkson Rd,
100 m downwind of SMA, specifically associated wihoperations at the airport. The
Figure 5.2.3.3 time-series plot for site B showsPUPB-PAH, and BC as well as aircraft
arrivals and some departures (upper abscissa)gitimntimes of measurement. Here,
multiple incidences of elevated air pollutant camcations corresponded to jet
departures, propeller aircraft departures, andiplyssircraft arrivals. For example, at
12:20 (from the airport log) a Gulf Stream 4 jeL &4, 33200 kg) departed, an event
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followed by measured concentrations of 60-secomrdame PB-PAH and BC of 440 ng
m and 30ug m?, respectively, resulting in elevated ratios of a0 and 100 times the
summer background levels, respectively. Both palits returned to background levels
within about 3 minutes after the jet’'s departufglditional spikes were observed
associated with jet operations at 12:35, 12:368,2and 13:00 with 60-second average
UFP concentrations up to about 2.2%a&@>, about 440 times the summer background
level. UFP concentrations remained elevated, fiogeround 10cni®for the remainder
of the sampling period. The trace indicates tHatenarrivals of small aircraft, as well as
taxi, idle and takeoffs (although these do not appethe log) release significant
guantities of UFP, they do not appear to produgeifstant elevations of PB-PAH or
BC.

As noted above, the average taxi and waiting et &gfore departure is about 7
minutes, but significantly longer taxi/waiting paas occurred from time to time. For
example, during measurements at Site B, a loucenés recorded from 12:07 until
12:20, during which time the particularly large (&LF4) was taxiing and waiting for
take-off. The peak at 12:12 and the following aled UFP concentrations (Figure
5.2.3.3) were associated with this idling jet ptiwits departure at 12:20. Figure 5.2.3.3
also shows a trace from later in the afternooreréod with much lower aircraft activity
and much lower UFP concentrations, which sometidnegped to the summer
background level of about 5,000 Erfor several minutes at a time.

Significantly elevated pollutant concentrations &also observed at other three
sites. For example, during one hour measuremedtily20, 2008 (13:04-14:03) at site
D, just west of Barrington Ave, 660 m downwind dfi&, the UFP concentration was
elevated above the summer background (5,008) éon most of the period, due to
multiple aircraft operations (including taxi). Theean of the UFP concentration during
this measurement period was 1.5%d®>, about 3 times the summer background level.
Spikes of PB-PAH and BC associated with aircrafiivilg were not observed at this site.

4.2.3.3.4 Potential Contribution from the Surface Street Imdately Downwind of the
Airport

As noted earlier, a major surface street, Bundy(Bundy”, Figure 5.2.2.1), is
located immediately east of SMA, between the uairataft take off area (E) and the
measurement sites (A-D). To investigate the ptssibntribution of traffic on Bundy to
elevated pollutant concentrations observed aBsitee reviewed traffic data on this
street and also compared measurements made ory is¢@tiches of Bundy not
influenced by the airport during the same samptiags as the aircraft measurements.
The traffic flows on Bundy were recorded on digiteleo when the mobile platform was
stopped at site B, and when traveling on neart®taies of Bundy immediately
preceding and following stops at the sampling satesind the SMA. The traffic counts
on Bundy Dr. (and on National Blvd.) during our ree@ment times averaged 50-60
counts per minute, small compared to nearby freewdych have 200-300 vehicles min
! during daytime. Traffic on this road is dominatgdnewer gasoline vehicles; further,
only five heavy duty diesel trucks were encountetedng 650 minutes of sampling on
Bundy within 1.8 km of SMA.
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Average on-road UFP concentrations on sectionuafi removed from the
airport impacts, but within 1,800 m of SMA were rhdower than observed at site B (25
m from Bundy), averaging 35,000 &nduring the sampling days listed in Table 5.2.2.2
(220 minutes of data). At site B in the absencaifraft activity (Fig. 5.2.3.3), the UFP
concentrations were low, in the range 5,000-15¢@»08 indicating the contribution of
traffic on Bundy to the average UFP measuremesitéB, was less than 15,000 €m
About one third of the Site B UFP concentratiorisifelow 15,000 crit, distributed
reasonably evenly among the measurement periotgh-étnitting vehicles (HEV) can
cause large spikes of UFP concentrations, ovectd, but these vehicles were rare
(above). Vehicle-related UFP spikes are also bliastjng less than 30 s for solo vehicles,
and even shorter times in traffic. Hence, the oations of high emission vehicles on
Bundy to the average UFP concentrations measur8ieaB were small, and HEV are
unable to explain the frequent elevated UFP lagtingnutes or longer (e.g. Fig.
5.2.3.3a) observed at the site B. This reinfothasthe elevated pollutant concentrations
we measured at site B were due to the emissions diccraft at SMA. Similarly, we
believe the elevated UFP concentration measursidead\ in the gas station was
dominated by aircraft, not by vehicle emissionsifrie intersection of Bundy Dr. and
National Blvd.

4.2.3.3.5 Comparison of Impact Areas from Santa Monica Aitaord Freeways During
Daytime

Measurements made in Southern California (Hu 208D8; Zhu et al 2002b)
indicated UFP and other vehicle-related pollutamoentrations return to background by
about 300 m downwind of major roadways during dagtialthough the impact distance
is much greater prior to sunrise (Hu et al 2009)the current study, average UFP
concentrations 660 m downwind of SMA during thetdag were about 2.5 times (all
data) and 3 times (summer only) the backgroundcatithg a much greater impact
distance for the airport than for roadways. Sinmtitaour observation, elevated UFP
concentrations were observed 900 m downwind ohavay at Los Angeles International
airport (Westerdahl et al 2008). The phenomenas aitributed to landing aircraft
passing within a few hundred meters overhead, coeahbivith incomplete dilution of the
high numbers of UFP emitted from aircraft durinketaff.

We believe the relatively long impact distance daiwma of SMA, further than
660 m, is a result of the higher initial concentnas of UFP in aircraft emissions,
combined with their larger volumes relative to \os. As far as we are aware, studies
of particle emissions directly from aircraft anmiied to large jets. We estimated UFP
emissions per kg of fuel consumed from the jetraftoperated at SMA for cases where
we observed departures that produced clear isospi&ds in both C@and UFP. Two
suitable isolated peaks observed at the stopeaBsiin August 8 indicate the aircraft
emissions contained roughly 5¥8particles/kg of fuel consumed. The gdifference
was 12 + 1.5 ppm, and the UFP difference was (35)#€L0 particles cri. Large
aircraft emissions have been reported to contaamge of 0.3-5x1 particles/kg of fuel
consumed (Lobo et al 2007; Herndon et al 2005)r é3timate for SMA is at the high
end of this range. Also for commercial gas turbjingh particle numbers have been
reported at lower thrust levels associated withelofuel consumption rates (Lobo et al
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2007), suggesting that even with much lower fuglstconption rates, aircraft taxi and idle
may be a significant source of UFP.

Our UFP emissions estimates for aircraft at SMAl&¢o 100 times higher than
UFP emitted per kg of fuel consumed by light dughicles (5x1&-3x10" particles/kg)
(Kirchsteter et al 1999; Geller et al 2005) and B times higher than heavy duty
vehicles (6x18-1x10" particles/kg) (Kirchsteter et al 1999; Westerd2009).
Althoughthe on-road vehicle values were measured underge raf typical on road
conditions, and thus are not directly comparableuoaircraft measurements which are
dominated by idle/low load and maximum load cowais, they are each real-world
estimates relevant to exposure assessment.

Aircraft fuel consumption rates during takeoff aneighly 50-300 g for small
piston or turboprop planes and can be up to ab@@H55000 g for the types of jets that
operate at SMA (Humphrey 2009), much higher théesréor motor vehicles of 1-10 g s
! The fuel consumption rates for jets during tdkemd to be high (up to several times
those during cruise) because the jet engines aigrag for high speeds and at high
altitudes. This means aircraft emissions, espgdairing takeoff, have much higher
volumetric flow rate than that of motor vehicleBhis large volume of high concentration
aircraft emissions is expected to take longer tdibsipated and diluted to the
background level than vehicle emissions on roadwayssistent with our observations.

Zhang and Wexler proposed a model of aerosol dilutiear roadways (Zhang
and Wexler 2004). They suggested a dilution ratiabout 1000:1 is complete in the
first 1-3s during the ‘tailpipe-to-road’ stage, aanuladditional 10:1 dilution is completed
in the following 3-10 minutes, the ‘road-to-ambiestage. Dilution of aircraft emissions
at the SMA are also complicated by the topographyediately east of SMA. The
takeoff area is about 9 m higher than the measuresite B. Aircraft emissions need to
first pass over a fence, about 3.5 m high, desigoeitigate noise and emissions
impacts on neighborhoods, and then to pass ovedyBDnto move into the downwind
residential neighborhoods.

The travel times for pollutants to site B, and frtma site B to D were 17-50 s and
1.5-6 minutes (corresponding to wind speeds o2, in the range of the wind-
shear-dominated second stage “road- to-ambienitidil period (Zhang and Wexler
2004). This implies a dilution ratio at sitevB.site D of 10:1 or less. The average
summer UFP concentrations at sites B and D werel8/@nd 1.5x16cm?®,
respectively, indicating a dilution factor of ab@&jtfor summer background
concentrations of about 5,000 €mThis dilution factor is consistent with our estites
above, implying that the larger downwind impacteané the airport compared to that of
roadways results from the large volumetric pulskigh concentration emissions
produced by aircraft.

4.2.3.3.6 Correlation of Site B UFP Concentration and Estadahircraft Fuel
Consumption Rates

To compare measured UFP concentrations with digmivities, we estimated
aircraft fuel consumption rates at take off. Aaftiweight (), passenger number,
activity type (departure/arrival), take off lendtl), and indicated aircraft speed, (the
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aircraft velocity leaving the ground), determine tbel consumption rate ohfsel)
during take off. Values fan, L, andU were obtained from aircraft specifications.
Passengers, crew, and luggage usually add 6-1%#tcoaft weight. If a constant
acceleration rate of aircraft on the runway is assi,

L=at?/2 1)
U =at (2)
m,,., 0 mU?*C,C, /2 (3)

Here,a is the aircraft acceleration rate on the runwag;the time of aircraft
spent on the runway during acceleratioqg, is the total fuel mass consumed by aircraft
during acceleratiorGy is the overall conversion efficiency of energynfréuel to aircraft
kinetic, andC; is a constant accounting for the weight of the @agers, crew, and
luggage. Here, the sarig andC; are assumed for all aircraft. Combining equations
(2)-(3), we obtain a fuel consumption rate for @ftduring acceleration on the runway
as:

Me 0 MU3/L (4)

For similar atmospheric conditions and assumiregsémme dilution ratio of
emissions from all aircraft, the peak UFP concéiaing measured at site B should be
roughly proportional to the peak air pollutant cenirations emitted from an aircraft,
which are proportional to the fuel consumption iditeing take off. The jets at SMA are
heavier (7,000-33,000 kg), faster (indicated aftspeed, or IAS, of 70-90 m'y and

have longer take off lengths (1000-1800 m) thampeller aircraft. The calculatethe

was 5-10 times larger for jets than propeller pkane
Reasonable correlations were observed betweenghsured peak UFP

concentrations at site B and the parametél® / L for aircraft departures associated with
spikes in UFP concentrations measured at sitetig2 nieasured UFP concentrations and
the associated aircraft code, type, weight, takdistince, and takeoff speed, are listed in
Table 5.2.3.1. The squared Pearson correlatiofiicieat () of 0.62 indicates UFP
emissions and hence concentrations are reasoredatga to aircraft fuel consumption
rate. In general, larger aircraft are associatigld igher emissions and downwind
concentrations of UFP.

70



Table 4.2.3.1. Information about aircraft activeSMA

A W N

10

11
12

13

Code

BE36
BES8
BE40
C152

C441

C550
C560
C750

F2T
H

H25
B

LJ35
E135

GLF
4b

Type

Piston
Piston
Small Jet
Piston

Turbopro
p

Small Jet
Small Jet
Large Jet

Large Jet

Mid Jet

Small Jet
Large Jet

Large Jet

Passengers

4-5
6-8

12

9-19

8-14

6-8
35

14-19

Weight(
kg)

1650
2500
7300
760

4470

6850
7210
16193

16240

12430

8300
19990

33200

Takeoff
distance (m)

350
700
1200
220

550

1000
963
1740

1600

1700

1300
1400

1600

Takeoff IAS
(msh)?

50
65
80

44

65

75
65
80

75

75

87
82

90

Associated Peak
UFP

Concentration (#
cm’®)

1.0%10
2.5%10
3.6X10
8.5%10

1.2x%0

3.4%10
7.3%10
1.8x10

1.3%10

6.6X10

1.6%10
/

4.6%10

®Indicated aircraft speed; the speed as the aireafes the ground.

b peak UFP concentration of GLF4 shown here was moduded in the correlation
because its fuel consumption rate estimated from @ (see text) was an outlier from
the cluster of values for other aircratft.
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4.3 Exploratory Research: Evidence of a Disproportier@bntribution of High-
Emitting Vehicles to on-road UFP Concentration8ayle Heights

In the course of measurements on the mobile phatfoute in downtown Los
Angeles (DOLA) that passed through Boyle Heightd®/e observed nearly uniform
and elevated UFP concentrations across the comynudite possible explanation
(although not the only explanation) for the relatabsence of strong concentration
gradients near the major roadways surrounding Bidhigh incidence of high-emitting
vehicles (HEVS), including high-emitting gasolinehicles (HEGV), within the BH
community. In this section of the report we présepreliminary evaluation of the
potential contribution of HEV to the UFP counts eleserved in Boyle Heights.

5.3.1 Fraction of UFPs in BH Attributable to HEV

Over the past 25 years many studies have showia tiedditively small fraction of
the light-duty motor vehicle fleet (typically 5-1Q0%ave been responsible for a large
fraction (as much as 50% or more) of the totaltfeamissions of pollutants such as CO,
VOC, and NOx (Lawson et al 1990; Stephens and CE2fdd). To date, however, we
are not aware of a similar demonstration for eroissiof UFPs. We emphasize our study
did not directly measure emissions of UFP at tlipipe from specific vehicles.

However, when we observed an UFP concentrationeabaertain threshold (e.g. 100
000 cn?®) it could almost always be attributed to the einiss of a nearby vehicle. Itis
reasonable to assume that the concentrations weuneebare roughly proportional to the
emission rate of UFP from such high-emitting vedsafjiven our close proximity to the
exhaust (typically 1-2 m). Indeed, in some caseswere able to identify from
videotapes a specific isolated HEV immediatelyront of our MP as responsible for an
elevated UFP concentration above the chosen tHeshosome cases these elevated
concentrations exceeded one million particles pereccm.

5.3.1.1 Choice of UFP Concentration Threshold

For the analyses conducted here, we chose twicavtrage UFP concentrations
in the residential area and surface street micrio@mwments of BH, respectively, as a
threshold UFP concentration. Above this threstiotte is a high likelihood a high-
emitting vehicle was encountered. The average tfffleentrations in the residential
areas and on major surface streets in BH were &@060 crit and 50 000 cifj,
respectively, quite high compared with WLA, presbigalue to the many freeways
surrounding and intersecting the BH area.. Heweechose threshold UFP
concentrations of 60 000 ¢hand 100 000 cififor measurements in the residential areas
and on the surface street, respectively.

5.3.1.2 Calculation of Percent Time UFP Concerimvas Above Threshold

We first averaged all UFP data to 5 sec averageshem sorted all UFP
sampling data points in a decreasing sequenceen, ®@s discussed in the preceding
section, we chose a threshold UFP concentra@igras a benchmark concentration to
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subgroup the UFP data points. The cumulative plaitat, Ni, is the number of all the
UFP concentrations above t8g threshold. We then evaluated the cumulativetitsa
of data point&AN as:
N.
AN =— 1
= (1)
Here,N is total number of UFP 5-second sampling datatpdor either residential

neighborhoods or major streets.

Note the fraction of total data points is the sas¢he fraction of total
measurement time.

5.3.1.3 Calculation of Percent of Total UFPs MeadluWhen Concentration Exceeded
Threshold

UFP concentrations were obtained by the FMPS imstni which was set to a
constant sampling flow rate during all measuremehksnce, The UFP courR, can be
expressed as:

P = Flowrate* Time* C ., = Const* C (2)
The UFP concentrations we measured could thusrbetlyi used to evaluate the

fraction of UFP counts. The cumulative UFP cotjs proportional to the sum of all
the UFP concentrations abo@e

P =const* > C, for Curp>C; (3)

Pow =CONSt* > C, for all UFP concentrations (4)
P

AR =5~ (5)

total

Here,Poiar IS the sum of all the ultrafine particles measuregesidential area or major
surface streetsPi is the sum of all the ultrafine particles for UEdhcentrations above
the selected thresholdP, is cumulative fraction of UFPs contributed fromRJF
concentrations above @reshold.

5.3.1.4 Attribution to HEV

The small fraction of time associated with HEV euaters contributed a
significant fraction of ultrafine particles in tihesidential areas and on the major surface
streets in BH, as shown in Table 5.3.1.4.

Table 5.3.1.4.Percent of time HEV encountered ardemt of total ultrafine particles
from HEV in BH

Morning Afternoon Overall

In residential neighborhoods

Percent of time HEV encountered 5% 4% 5%
Percent of total UFPs from HEV 26% 12% 18%
On major surface streets

Percent of time HEV encountered 13% 5% 8%
Percent of total UFPs from HEV 47% 19% 28%
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For the residential areas, UFP concentrations agsdowith HEV were above
60,000 cni? (twice the area average), about 5% of the tinteémmornings but
contributed up to 26% of the ultrafine particles weasured in the morning were on our
route in BH, as shown in Table 5.3.1.4. In themibons, UFP concentrations were
above 60,000 cihabout 4% of the time, but contributed about 12%heftotal ultrafine
particles we measured on our route, Table 5.3.Ihk lower contributions of HEV to
the UFP counts in the afternoons may due to thafgignt contribution of secondary
aerosol formation in the afternoon as discusselieear

On the major surface streets, UFP concentratioms algove 100,000 cidue to
HEV encounters about 8% of the time, yielding 28%he ultrafine particles measured
on our route. UFP concentrations were above 1006 in the mornings about 13%
of the time but accounted for nearly 50% of theatilhe particles on the route. Clearly a
relatively small fraction of the vehicles on thejarasurface streets and in the residential
areas in BH make a significant contribution toafitre particles in this community.

5.3.1.5 Conclusion

The relatively small fraction of HEV in the totaghicle fleet contributed a
significant fraction of the total ultrafine pareéd we observed on our route. For example,
although encounters with HEVs accounted for onlyuab% and 13% of the time spent
on monitoring in the residential areas and on msyoface streets, respectively, in the
morning, we calculated HEVs contributed approxinya28% and 50%, respectively, of
total ultrafine particles measured on the routestuelied. Secondary photo-oxidation
reactions may also contribute partially to the ated UFP concentrations we observed
across the entire residential area, especialljeretrly afternoons. The pollutant
concentrations we observed in BH may have importaplications for human exposure
for the residents of this area and raise envirortatgustice issues associated with the
high traffic flows around and through a communitgtthas a relatively lower vehicle
ownership rate compared with nearby more afflueshs
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5.0 TIME-LOCATION PATTERNS OF HARBOR COMMUNTY RESIDENTS
5.1 |Introduction

Understanding location and microenvironment agtipatterns is essential for
assessing and modeling environmental exposuresntagtation of traditional data
collection methods with advances in Global PositigrEystems (GPS) technologies
provides opportunities for documenting the undelig time-location patterns of
disadvantaged communities. Time-activity data heagitionally been based on random
telephone recall surveys such as the National Hultdinity Pattern Survey (NHAPS)
in the continental USA which require participaragecall their activities of the previous
day (Wiley et al., 1991; Klepeis et al., 2001; Ueet al., 2002), or activity logs or time-
location diaries on which participants record tmeicroenvironments and location
characteristics during observation days (Weisal.eR005; Nethery et al., 2008).

Several regional travel surveys have tracked tragVities by equipping
passenger vehicles with GPS (Murakami and Wag®&9;1Zmud and Wolf, 2003) and
recent cohort studies demonstrate that portable IG@rfers and GPS-enabled cell phones
are valuable new tools for monitoring subject |omad in exposure studies (Phillips et
al., 2001; Elgethun et al., 2003; Elgethun et24lQ7; Rainham et al., 2008; Wiehe et al.,
2008). Portable GPS devices can track subjectitotain everyday activities over the
course of the day, reduce respondent reportingdmy@hd enable the data collection
over longer periods. GPS data can also be usedittate self-reported time-activities,
identify activities that participants did not sedfport, and provide the basis for follow-up
interviews to verify activity patterns and micro@mewment characteristics (Bachu et al.,
2001; Stopher et al., 2002; Wolf et al., 2004; Dohet al., 2006; Flamm, 2007).
Unfortunately, available time-activity data provifsv insights into the patterns of
lower-SES populations due to methodological andpdizug limitations.

The Harbor Communities Time Location Study (HCTL&)nducted as part of
the large Harbor Community Monitoring Study (HCMBitegrated the use of activity
logs, GPS tracking, and follow-up surveys in ortledocument the multiple-day diurnal
time-location patterns of forty-seven adult residesf the largely low-income and
Hispanic communities immediately adjacent to the$”of Los Angeles and Long
Beach. These communities are heavily impacted hyipteisources of air pollution from
nearby port, goods movement, and refinery operatzom although stationary and
mobile monitoring are providing new insights inke thear-port distribution of air
pollution (Krudysz et al., 2008; Kozawa et al., 208rudysz et al., 2009), little is known
about the time-location patterns of residents @s¢hcommunities and their associated in-
vehicle, indoor and outdoor air pollution exposure.

This section documents the activity and microenviment patterns of HCTLS
participants and demonstrates the usefulnesseagnating multiple tracking and
verification methods to examine the time-locatiatt@rns of disadvantaged
communities. We assess the extent to which thigelgifemale, low-income, Hispanic,
and immigrant group differs from comparable subgeoaf the national NHAPS survey.
Although modeling participant air pollution exposus beyond the scope of this study,
we examine the extent to which HCTLS participapesns time in proximity to heavily-
travelled roadways and truck routes since vehielated air pollutants and related health
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impacts, including the prevalence of respiratolynants and mortality, are highly
localized during the day within approximately 20083neters downwind of major
roadways (Zhu et al., 2002a; Zhu et al., 2002butamet al., 2005; Lipfert and Wyzga,
2008; Hu et al., 2009). We also conducted verytéichsampling of PM mass and
number during the baseline and exit interview stagghe HCTLS study, yielding data
on the indoor particulate concentrations in thedexsces of the HCTLS study
participants, the only data on indoor pollutanelewollected during the Harbor
Community Monitoring Study.

5.2 Methods

5.2.1 Study Design

The HCTLS population was a nonrandom sample ofthdt aesidents (21-65
years old) of the Wilmington area of the City ofd.Angeles, California and the western
portion of the City of Long Beach, California. Wecruited participants through contacts
with community health organizations, presentati@nsommunity meetings and adult
education classes, informational tables at commavéents, fliers and advertisements in
public spaces, and networking through word of maurtti through participants of
previous studies.

Recruitment materials, training, and participattmordination were available in
both English and Spanish given residents of theystwmea are predominately Hispanic
and bilingual and monolingual Spanish speakergidjznts expressed concern about air
pollution problems in their community and were hygimotivated to help gather
information that could support policy and plannstjutions. Time-location data tracking
was conducted between February and June 2008cipartis received grocery gift cards
totaling $50 for their participation which included in-home baseline survey and
training, completion of time-activity logs for 3y 10-14 days of GPS location
tracking, and an in-home follow-up interview.

During the initial in-home meeting we provided arenview of the study, gained
informed consent, trained participants on compigtire activity logs and operating the
GPS devices, and conducted the baseline survesinadgmographic and SES
information, household and building characteristedated to the potential intrusion of
outdoor air pollution, household transportatioroteses, and general health status
information. After the completion of participanttizty tracking, we retrieved logs and
GPS devices, generated map and tabular “prompgsitdeng discrepancies, unclear
patterns, and suspected unreported activitiesyetndned to participant homes to
conduct follow-up interviews. We conducted vergited sampling of PM mass and
number during the baseline and exit interviews.

This section examines the time-location pattermsife 131 days on which 47 of
the HCTLS participants adequately recorded theih@dr location patterns using both
self-reported time-activity logs and passive lomatiracking with a portable GPS device.
Four of the original 51 participants were elimirthfeom the analysis because their data
for “simultaneous” log-GPS tracking days were ingbete due to temporary GPS device
errors or malfunctions, participant failure to kekp GPS with them at all times, or
participant failure to adequately complete actiwitygs. Of the 47 participants included in
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the analysis, data were available for 3 “simultar8aays for 37 participants and 2
“simultaneous” days for 10 participants due to famproblems.

During the “simultaneous” log-GPS activity trackidgys included in the
analysis, participants completed a line on thevagtiog each time they changed location
by recording the time, checking whether they wadpobrs (Home, Work, School,
Other), Outdoors (Walking, Biking, Other), or InMele (Auto, Van, or Truck, Transit,
or Other), and noting location details (Figure B.2). Log completeness and detail varied

TIME WHEN YOU WAKE UP LocATIoN (home, family/friends home, etc) NOTES
Record every time you change location. Check only one box per row
TiME IN NEW LOCATION INDOORS OUTDOORS IN-VEHICLE NOTES
AMPM | 00 Home I Work O Walking O Biking O Auto, Van, or Truck
Q School O Other | T Other 0 Transit O Other
AmpPM | K Home U Work | [ Walking U Biking 0 Auto, Van, or Truck
1 School [ Other | T Other 0 Transit O Other
AMPM | O Home QI Work | O Walking O Biking O Auto, Van, or Truck
0O School O Other | Q Other O Transit O Other
AMPM | 0 Home QO Work | O Walking O Biking 0 Auto, Van, or Truck
0 School 1 Other | O Other O Transit 1 Other
AMPM'| O Home O Work | O Walking O Biking 0 Auto, Van, or Truck
U School L Other | O Other 0 Transit & Other
AMPM | (O Home [} Work O Walking U Biking O Auto, Van, or Truck
0 School 3 Other | O Other O Transit & Other
(a) English Time-Activity Log
TiIEMPO CUANDO DESPERTO| LOCALIZACION (SU casa, casa de famila/amigos, etc) NoTA
Apunta cada tiempo que cambia de localizacion. Marque solo una caja por fila
TIEMPO EN NUEVO LOCALIDAD DENTRO AL AIRE LIBRE EN-VEHiCULO NoTA

0 Casa U Trabajo
QO Escuela O Otro

0 Caminando

{ Otro

O Andando en Bicicleta

0 Auto, Van, o Camioneta
O Transito PublicoQ Otro

0 Casa O Trabajo
O Escuela O Otro

0 Caminando

Q Otro

0 Andando en Bicicleta

0 Auto, Van, o Camioneta
{1 Transito Publicod Otro

0 Casa O Trabajo
QO Escuela O Otro

0 Caminando

Q otro

0O Andando en Bicicleta

0 Auto, Van, o Camioneta
O Tréansito PublicoQ Otro

0 Casa O Trabajo
O Escuela O Otro

QO Caminando

0 Otro

01 Andando en Bicicleta

O Auto, Van, o Camioneta
O Transito Publicod Otro

(b) Spanish Time-Activity Log
Figure 5.2.1.1. Sample HCTLS Time-Activity Logs

in part because of limited literacy skills of sopaaticipants and the frequency with
which participants recorded activities. Particigaaliso kept a portable GlobalSat DG-
100 GPS device with them during waking hours onoteervation days. These devices
were relatively light-weight and were typically gad in a pocket or bag or clipped onto

77



a belt, required nightly charging, and recordedgbegraphic coordinates of participant
locations about every 15 seconds.

5.2.2 Enhanced Location Classification Using GPS Datakuwitbw-up Interviews

We examined GPS patterns using Geographic Infoom&ystems (GIS) to
overlay participant GPS coordinate locations ovghlly resolved and geographically
rectified Digital Ortho Quarter Quads (DOQ&yrialphotography for July 2006 from the
United States Geological Survey (USGS) in ordedémtify the time participants spent
in major microenvironments (indoors, outdoors, amdehicle), traveling by mode
(walking, biking, on transit, and in-vehicle), amdjor location type (home/residential,
public building, service or school locations, wddqe, retail, restaurant/bar, outdoors,
and traveling/waiting outdoors or in an encloselicle). We determined GPS point
locations relative to building outlines and buitveonment features using DOQQ
imagery, and we used GIS land use data, our kngelefithe study area, and the
“satellite” and “street view” function of GoogleMaghttp://maps.google.com/) in order
to confirm built environment configurations andctarify location type/function.
Participant notes and location information fromddgglped further clarify details such as
building location type (i.e., residence or retaitation) or travel mode (i.e., traveling in a
vehicle or on transit).

The positional accuracy of GPS point locations (oared to reported or probable
participant locations) varied depending on whethparticipant was outdoors or in close
proximity to or inside a building. Consistent wihevious studies (Phillips et al., 2001;
Elgethun et al., 2003; Rainham et al., 2008), watbthat when participants were
walking on a sidewalk with no obstructions blockihg sky (i.e., trees, awnings, large
signs, etc) the location of their mapped GPS paugiee generally within 3-5 meters of
the sidewalk on DOQQ images but could appear 2@mmetr more from the sidewalk
when they passed a 3-5 story steel frame strudiihen participants were inside a wood
frame single family home or apartment building tH&PS points generally at times
appeared within 5-20 meters outside of their bngdiepending on their proximity to a
window or doorway. Although we consistently ideietif when participants left or arrived
at a given location, we could not distinguish tiomepatios or outdoor spaces near
buildings from indoor time due to this positiond?& error and therefore classified points
after arrival and before departure of a buildingra®ors. GPS signal reception was
completely lost when participants were in largekteame structures such as high rise
apartments or medical facilities, but we approxedaheir indoor time based on the GPS
points of their arrival and departure.

We overcame the challenges of classifying GPS aladagenerated a highly-
resolved 15-second interval spatial database withomnvironment, travel, and location
attributes. We compared this database to partitipgs in order to generate prompts for
follow-up interviews to identify potential unreped locations and to clarify travel mode,
trip purpose, and the characteristics of microemnnents. Because of the time required
for post-processing GPS data and logistics, follgnnterviews were conducted 2-5
weeks after the monitored days. We finalized th&'HE database for the 131 analysis
days based on feedback from these interviews.
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5.2.3 Unreported Locations and Travel Logs vs. GPS-Endciiféme-Location Data

The enhanced time-location database generatedlégenGPS and follow-up
interview data significantly improved the amountl@juality of time-location data
collected through activity logs alone. This secttmmpares the locations and trips
reported in participant logs to those includedhia tinal GPS-enhanced database.
Although the GPS-enhanced time-location databadedad data for 131 “simultaneous”
log-GPS tracking days of 47 participants, we omiglgzed data for 103 days of 39
participants for this comparative analysis becdoge&lata was so limited or incomplete
for 25 days that we could not compare it in a megiuil way to the final GPS-enhanced
database. Log data was unavailable or unusabk dbthese days and log data for the
remaining 17 days was unclear or incomplete. €&pants made errors such as listing
multiple times and locations per row instead dfrg only one time and location or
travel mode per row such that patterns were largelgcernible based solely on log
data. Time-location data for these 25 days areided in the final GPS-enhanced
database, however, since we used information paatits reported on baseline
interviews regarding the locations they visit fregtly and available information from
logs to inform our GPS location classification daliow-up interviews. We also
excluded data for three additional days from thapgarative analysis because
participants remained at home indoors on these, dgyattern we verified in follow-up
interviews.

To compare time-location data between participags land GPS-enhanced data
we classified a location as a unique destinatiganm#iess of whether the participant was
indoors, outdoors or in-vehicle at the location artdp as the period between leaving
one location and arriving at a second location néigas of the number of travel modes
and/or waiting periods during travel between didtincations. For instance, a mother’s
walk from-to home to drop her children at schoaluded one trip to school, one
location at school, and one trip back home. Wesidan her route to school as one trip
even if she walked three blocks to a bus stop,eddir a bus, rode the bus, then exited
the bus and walked the remaining two blocks to sthbler visit to school counted as
one location even if she only stayed for a few adsasince this was a unique and
purposeful destination as indicated by her traagigons. Each time she returned to the
school during the day counted as a unique location.

We used a generous definition of a “match” betwlegs and GPS-enhanced data
in order to not disregard participant log infornoatieven when participants did not
follow instructions to list only one time and loicat or travel mode per row. For
instance, we compared data from some logs on wgacdticipants listed one time on a
row then checked both a location (i.e., “Home”) anavel mode (i.e., “Walking”). In
some cases participants also wrote “walk to homehe “Notes” column. When
comparing these data with GPS-enhanced data wenadsihis participant had indicated
one location and one trip on her log even thougVas not always clear on the log
whether the time listed referred to the time theip@ant started walking or when she
arrived home. We also used a generous definiti@top even when the participant did
not report different modes or segments. For ircgasome participants only listed one
row for a trip (i.e., noting the time and checkifigansit”) that GPS data reveal and
follow-up data confirm was a trip with multiple vkathg and in-transit segments (which
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should have been listed on separate rows with agpimes). Even though such
participants only reported the initial segmenthad trip, we considered this to be a
“matched” trip between the log and GPS-enhancedal daequential trips and locations
did not result in two “matches” unless both werplextly indicated on a participant’s
log. For example, if a participant logged a vehtdle near the time GPS data indicate
she traveled home, this trip would be classified amnatch”. Her arrival home would
not be classified as a “matched” location unlegsistlicated her home destination by
writing “drove home” or by checking “Home” on he&g. Since our definition of a
“matched” location or trip allowed participantskie in multiple microenvironments
while at a location (i.e., Indoors, Outdoors) orilelon a trip (i.e., Auto, Transit,
Outdoors), we do not explicitly compare the micnassmments between participant logs
and GPS-enhanced data.

Table 6.2.3.1 compares the locations and tripsgyaants reported on logs to the
locations and trips included in the GPS-enhanceal. dBhe 39 participants in the
comparative analysis occupied 1,105 locations aaden®80 trips during the 103 days
analyzed, or an average of about 11 locations bodtdl0 trips per day. Overall, about
half (49%) of these locations and trips in the G&Banced data were not recorded on
participant logs. Over half (52%) of locations @@t reported on logs and participants
spent an average of over 3 hours in these unreplatations each day. Even though
only about 21% of home arrivals were not listedags, this time at home (usually
during the day) accounted for a good portion oktimunreported locations (about 1.5
hours). Participants did not report over 70% ipistto other residential locations,
schools (including trips to drop-off and pick-ugldren), and retail and community
locations. Combined these locations accountedlout 1.3 hours per day of time spent
in unreported locations. Over three-quarters ohtionis occupied for less than 15
minutes were unreported and lasted just under 20ites (.3 hours). Although less than
a quarter of locations occupied for 60 minutes orenwere unreported, participant time
in these locations lasted much longer, about 2ufsho

Just under half (47%) of participant trips in the&enhanced data were not
recorded on participant logs. These unreported teagted on average for about half an
hour (0.6 hours) per day. About 54% of walking g trips were unreported (about
0.2 hours/day), about 44% of non-transit vehidjestwvere unreported (about 0.4
hours/day), and about 19% of transit trips wereeparted (about 0.02 hours/day). This
lower rate of underreporting of transit trips cobklin part due to the inclusive method
we used to classify transit trips. That is, a jggeéint’s transit trip was a “match” with
GPS data even if she only reported one segmentomiger trip with multiple
connections (i.e., she only logged her walk tolthe stop or the time she boarded the
first bus). About 58-59% of trips destined for hoareother residential locations were
unreported and totaled about 20 minutes (0.4 hperslay). About 47-52% of trips less
than 15 minutes were unreported and also totaledtét® minutes (0.4 hours per day)

We identified only two previous studies in the dielf exposure assessment that
analyzed the correspondence between activity lodg&PS tracking. Phillips et al. 2001
compared the activity diaries and GPS tracking fiovations for 16 data collection trials
for participants aged 21-55 years old in the OklahdJrban Air Toxics Study.
Participants completed time-activity diaries byegimg the start/end times of activities in
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sequence, a description of each activity and wherecurred, and location
characteristics potentially associated with expesutive of the 16 trials included GPS
data for most daily activities and at least onedl&vent in these five was not recorded
on participant diaries. Unreported trips tendebdcshort trips that occurred as part of a
longer series of errands.

Egulthun et al. 2007 compared the GPS-based tigetims of 31 children ages
3-5 years in Seattle, Washington with the patteepsrted by their parents on diary
timelines. Most participating children lived inNer-income households, about 40-45%
lived in households with Spanish as the houselariguage and/or had a parent who was
Hispanic, and over 50% had a parent who stayedraetduring the day. The timeline
daily instrument required parents to circle thersaf the day that their children were
Inside at Home, Inside at Work and School, Insid®ther, Outside at Home, Outside at
Work and School, Outside at Other, and In Transit @ estimate the total hours and
minutes in each of these time-locations at theddrile day. Parents misclassified time
location patterns about 48% of the time. Paran8panish-speaking households were
more likely to misreport time-locations than paseint English-speaking households. The
rate of underreported locations and trips we foamiéng HCTLS participants (49%) is
very similar to the rate found by Egulthun et &l02 (48%) even though our data
collection methods, comparison methods, and stogylation differed in significant
ways.

Travel surveys conducted by state and regionalmpovents have used GPS
vehicle tracking to estimate the rate at which oesients to telephone recall surveys
underreport travel. They suggest underreportingesaubstantially across surveys,
methods, and regions. These surveys typicallyesondents to recall the origin and
destination addresses, the travel mode, the stdréad time, and the duration and
distance of each trip. Analysis of the Caltrans@®Q001 California Statewide Household
Travel Survey suggested that about 18% of tripstitied though GPS tracking were not
reported by respondents in Alameda (88 househalt$)San Diego Counties (111
households). Respondents in Sacramento Countyq@holds) did not report about
35% of trips (California Department of Transpoxati2002; Zmud and Wolf, 2003).
Analysis of a subsample of the 2001/2 Los Angelegiéhal Travel Study with
simultaneous GPS vehicle monitoring indicated asynes 35% of respondent vehicle
trips in Southern California were underreported @@dnand Wolf, 2003; Bricka and Bhat,
2006). Only 10% of trips by respondents in the &GBBsample of the 2004 Kansas City
Regional Travel Survey (228 households) were untedand analysis of 2004 Sydney
Household Travel Survey which included in-persaraligravel surveys with GPS
tracking found that respondents reported about 7&ear trips (Stopher, 2007).

The rate of unreported trips among HCTLS participdn6%) was higher than
the rates found in these GPS-based travel valiatadies, a pattern that in part may be
impacted by differences in sampling and classificatethods:

(a) HCTLS participants were largely low-income, Hisgamomen and homemakers,
characteristics which may associate them with highies of underreporting.
Respondents to travel surveys with less than as$ggbol education, who were
unemployed or who lived in lower-income househdldd higher rates of trip
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Table 5.2.3.1. Unreported locations and travel gdvs. GPS-Enhanced Data
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underreporting (Bricka and Bhat, 2006; Californiegartment of Transportation,
2002; Zmud and Wolf, 2003).

(b) The HCTLS log and data collection methods diffesggphificantly from that of
telephone recall surveys which could include striateespondent prompting. In-
person recall travel surveys could potentially hessulower rates of trip
underreporting (Stopher, 2007).

(c) GPS classification and processing methods varysagieevious GPS-based travel
validation studies and help explain the variatiomimderreporting rates. They
generally used GIS and GPS time-sequence anatyaigdmate the identification
of trips, and the thresholds used in trip detectiopact underreporting rates. For
instance, previous studies have used time threstuld-5 minutes to classify
vehicle stops/movement which resulted in undert@mprates ranging from
12%-31% (Bricka and Bhat, 2006). Previous studaselalso used distance
thresholds such as 200m to classify trip destinati@ohte and Maat, 2009).
Unlike previous studies, our analysis of HCTLS ggrant patterns was
conducted manually through mapping and visual icispe of locations/routes
which could reveal patterns not clear in autom&es classification. We also
used much shorter time thresholds to classify tsipen justified by participant
logs and routes. Furthermore, we used a distameshbld of 20-50 meters when
possible to classify trip destinations. Thesenedi methods likely resulted in the
identification of more GPS-based trips and highetarreporting rates.

(d) Unlike most previous GPS-based travel validationists, the GPS-enhanced data
we compared to participant logs included insighdsnf follow-up interviews with
participants which we used to clarify whether uaclgtops were trip destinations,
to identify potential unreported locations, anaharify travel mode and trip
purpose.

5.2.4 Comparison of Time-Location Data

We compared the time-location patterns of HCTLSigigants with comparable
subgroups of the NHAPS survey which is a randompéamelephone recall survey
conducted by the United States’ Environmental Rtaia Agency in the continental
USA in 1992-1994. Subjects were contacted by phaim®usehold member was
randomly sampled to participate, and this persos agked to recount their activities and
location over the 24-hours of the previous day. ¢@nparison with HCTLS, we
analyzed the time-location patterns of two sampfesdult NHAPS respondents between
the age of 21 and 65: respondents in the contiheimited States (5,807) and a subset of
these respondents who lived in California (628).A%$ contains information at one-
minute intervals with details for over 100 activibcation classifications. For the purpose
of comparison, we aggregated HCTLS and NHAPS ddtethe location/activity types
described in Table 6.2.3.1. Comparisons of timetion patterns between the HCTLS
and NHAPS samples were made using an unpéirest with unequal variance.
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Table 5.2.4.1. Description of location type catég®used in analysis

Location type Description of locations included

Indoors— Residential Indoors at home or other esgtidl locations

Indoors— Public, Service, Indoors public buildings, office/work locations,
School, Workplace laundromats, banks, medical facilities, schools,

churches, community centers
Indoors— Retail, Restaurant/Bar Indoors at shoppergers, grocery stores, dining
locations or bars

Outdoors— Residential Outdoors in yard or poolamhé or other residence
Outdoors— Other Outdoors on sidewalk, at a playgou
Outdoors— Traveling or Outdoors walking, biking, transit stop
Waiting
Enclosed Vehicle— Traveling orTraveling or waiting inside a passenger car, triogs,
Waiting train, airplane

5.2.5 Traffic and Truck Route Proximity

We examine the extent to which HCTLS participapisng time in proximity to
heavily-travelled roadways and truck routes sineleicle-related air pollutants and
related health impacts, including the prevalenceespiratory ailments and mortality, are
highly localized within approximately 200 metersagiovind of major roadways during
the day (Zhu et al., 2002a; Zhu et al., 2002b; Gioet al., 2005; Lipfert and Wyzga,
2008; Hu et al., 2009). The measure of traffic proty was developed based on traffic
volume data from the 2005 Highway Performance anaidMring System maintained by
the California Department of Transportation. Théa& have been used and evaluated in
previous health impact and environmental justiceliss on the distribution and impacts
of traffic (Ong et al., 2005; Houston et al., 200Bpnsistent with previous studies,
HCTLS participants who were within 200 meters obadway segment with an annual
average daily traffic (AADT) of 50,000 or more velgis per day was classified as being
in a high-traffic area, participants who were witRi00 meters of a roadway segment
with AADT between 25,000 and 49,999 were classifisdeing in a medium-traffic
area, and participants who were within 200 metéesroadway with a maximum nearby
AADT below 25,000 AADT were classified as beingaitow-traffic area.

We also approximate exposure to heavy-duty diesekt(HDDT) traffic since
the harbor communities are heavily-impacted by-peleted HDDT traffic (Houston, et
al., 2008; Kozawa, et al., 2009). HDDT emit highdks of gaseous pollutants and diesel
exhaust particulate matter which has been idedtdia toxic air contaminant by the
California Air Resources Board (California Air Resoes Board, 1988). Residential
proximity to roadways with high diesel vehicle vimias has been associated with higher
prevalence of chronic respiratory ailments, reddoed function and increased mortality
(Brunekreef et al., 1997; Van Vliet et al., 199¢ak and Kaufman, 2007). We measure
proximity to truck routes using a novel traffic dsét for the study area previously
documented (Wu et al., 2009) which consolidatea ffatn numerous agencies and our
original truck counts in the harbor communities (idtmn et al., 2008) to identify truck
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volumes on major arterials and freeways. We clas$@TLS participants who were
within 200 meters of a roadway with 5% or more HDAffic as being near a truck
route.

5.2.6 In-Home Particulate Matter Monitoring

We obtained limited particulate matter (PM) meamerts in the home of
HCTLS participants during baseline and follow-ufemiews using the instruments
described in Table 6.2.5.1. A portable CPC instmin§€S| Model 3007) was used to
collect particle number measurements and two plerfabstTrak instruments (TSI
Model 8520) were used to collect particle mass mressents.

Depending on the length of the training or intenjien-residence monitoring
periods ranged from a minimum of 15 minutes to @arehour. One HCTLS researcher
conducted the participant training or interview keta second researcher conducted the
PM measurements, took limited pictures of the plam@s of instruments, drew a
schematic of the residence noting the locatiomstruments, possible indoor PM sources
(cooking, hot water heaters, evidence of smokipgnovindows or doors, etc),
heating/cooling status, activities that could pttdly impact PM concentrations, and
conditions relevant to the indoor penetration dfdoor air. As possible, instruments were
placed away from open windows, away from fans mts/eaway from potential indoor
PM sources, and on a table or counter. These pkatsnwvere in many cases impossible
since many HCTLS residences were small and crowdlgdpossessions or occupied by
family members. We did not seek special accommoddtr the placement or operation
of the instruments because we did not want toatisfrom the primary purpose of our
study which was to collect or clarify time-locatidata.

Table 5.2.6.1. Particulate Monitoring Instrumemsd &easurement Parameters

Instrument Measurement Resolution Response Detection Limit
Parameter Time
TSI Portable UFP Count 10 nm-| 1 particle/cm3 | <9 s, for a 10 nm, <0.01
CPC, Model 3007, 1um 95% response| particles/cm3
TSI Model 8520 | PM2.5 +0.001 mg/m3| 10s 0.001-100
DustTrak mg/m3, 0.1-10
pim size range

5.3 Results
5.3.1 Time-Location Results

5.3.1.1 Diurnal Time Location Profiles

Figure 6.3.1.1 profiles the range of time-locatpatterns of HCTLS participants
by illustrating the diurnal microenvironments, tehmodes and proximity to traffic and
truck routes of four HCTLS participants. Like méEETLS participant days, Sample
Participant A stayed close to home and structuszdabtivities around transporting
children to/from school, her own classes, and simgpishe left home about 7:30 and
spent about 30 minutes in-vehicle dropping herdelit at two different nearby schools.
She spent her morning indoors in an English claascammunity center before traveling
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to pickup her first child midday. She then attende2D-minute nutrition class and
shopped for groceries before picking up her seatrid and returning home in the mid-
afternoon. These trips were in a passenger veaidancluded two 30-minute in-vehicle
waiting periods outside of schools. She walkedvwo mearby retail stores in the evening.
She was only briefly in a medium traffic area whdhtving across Pacific Coast Highway
and was in close proximity to a truck route in #hémes and while shopping in the
midday and evening periods.

Sample Participant B used multiple travel modes lidide and outside of her
neighborhood. She left home about 7:45 and rodesimele about 30 minutes on major
roadways and freeways to/from a 20-minute mediffadeovisit in an adjacent city. At
about 12:00 she traveled by bus to drop her chitthgcare near a major truck route then
rode with a friend for the 30-minute ride to eatdh before riding back home. She
traveled to/from childcare by bus in the afternttoen stayed at home indoors until she
walked around her neighborhood for about 45 minfdesxercise at about 19:00. At
about 20:30 she walked a couple blocks for a 4Quteirisit a friend inside his/her
residence before returning home.

Sample Participant C also balanced family, voluntaed educational activities
on her observation day. She walked two blocks fr@mme to drop off her child at school
near a major truck route just before 9:00 then dralvout 10 minutes to attend a 2-hour
community education and volunteer meeting insitcal church. After this meeting, she
drove to attend community college classes from aba100 until 15:00, a location which
is in close proximity to a medium-traffic roadwaifter returning home, she made two
in-vehicle shopping trips in the evening.

Unlike most HCTLS participants, Sample Particip@rwas male, lived alone
near a major truck route, was employed full-timej aode over 50 km to multiple
destinations during the day for work to deliverhad materials at multiple locations in
Southern California. On the profile day, he leftrteofor his first delivery at 6:05 and
made brief stops for eating and shopping betweéwedies until he returned home at
about 13:30. He left home again in-vehicle arou#Q to pick up someone at a medical
faculty, eat at nearby restaurants, then spentitich@ors and outdoors at a recreational
facility for 2.5 hours. Afterwards, he stopped Hyidy food and retail locations before
returning home at about 22:00. He spent the mgjofihis day in close proximity to
traffic because he lived within 200m of a truckteand traveled on medium- and high-
traffic roadways most of the day.
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5.3.1.2 Comparison of NHAPS and HCTLS Participants

Table 6.3.1.1 provides demographic and SES infaomatn 5,807 respondents in
the national NHAPS sample, 628 respondents in #idgdthia NHAPS sample, and 47
participants in the HCTLS sample. Although the loatommunities of Wilmington and
western Long Beach were comprised of 65% Hispassients based on 2000 census
data (Houston, Krudysz et al., 2008), the HCTLS @arwas largely Hispanic (89%),
female (85%), and foreign-born (81%) because wewsarst successful recruiting
participants through community and health orgaiopatand daytime education classes
which targeted Spanish-speaking communities. Inrast) the NHAPS-Nation sample
was 7% Hispanic and 54% female and the NHAPS-CAptamas 17% Hispanic and
49% female. The percentage of Hispanic residenttsarstudy area has likely increased
since the 2000 census given the California DepartroeFinance estimates that the
number of Hispanic residents in Los Angeles Cowasty whole increased by about 14%
between 2000 and 2007 and that their overall ptapoof the population increased by
about 3% during this time (California Departmentafance, 2009).

Only about 32% of HCTLS participants were emplogethpared to about 77%
of all NHAPS-Nation respondents and 73% of femat6ARS-Nation respondents.
Roughly three quarters of the HCTLS participantidated they were homemakers
and/or worked at home compared to about a quaitdHAPS respondents who
indicated they were unemployed. HCTLS participavese more likely to have less than
a high school education than the NHAPS sampletiofitjh comparable data are not
available in NHAPS, over half of HCTLS participairiglicated their annual household
income was below $25,000.

5.3.1.3 Comparative Time-Location Patterns

HCTLS participants spent a significantly higherqasrtage of their day indoors
than the NHAPS samples (89% vs. 87%) (Table 6.8.0ORindoor microenvironments,
HCTLS participants spent about 12% (~3 hours) nobtbeir day inside residential
locations, 5-6% (~1.5 hours) less of their daydes?ublic, Service, School, or
Workplace locations, and about 3% (< 1 hour) lddbar day inside Retail or
Restaurant/Bar locations compared to the NHAPS ksnp

HCTLS participants spent significantly less timeédmors than NHAPS-Nation
and NHAPS-CA respondents (6% vs. 7-8%), mainly bsedhey spent less time
outdoors of residential locations. This differecoalld be due in part to differences in
location classification methods given that we wamable to distinguish time on patios or
outdoor spaces near buildings from indoor timetdu@PS positional error. We
generally classified HCTLS participant time aftemval and before departure at
residential locations as indoors. Although theres wa significant difference across
samples in the percentage of time spent walkinglong outdoors or waiting outdoors
for transit, HCTLS participants spent significantgs time inside an enclosed vehicle
(5% vs. 8-9%), about 30 minutes less on average.
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Table 5.3.1.1. Distribution of participants by bgesund factors, NHAPS and
HCTLS, Age 21-65

NHAPS-Nation NHAPS-CA HCTLS
Time Location Days 5,807 628 131
Participants 5,807 628 47
Demographics
% Female 54% 49% 85%
% 21-39 Years Old 50% 49% 47%
% 40-65 Years Old 50% 51% 53%
% Hispanic 7% 17% 89%
% Foreign-Born NA NA 81%
% Primary Language Spanish NA NA 77%
Work and School Status
% Work Full or Part Time 7% 73% 32%
% Unemployed/Homemaker 23% 26% 74%
Percent Attending School/College NA NA 34%
Educational Attainment
% Less than High School 8% 5% 48%
% High School Degree 34% 28% 25%
% Some College or More 57% 67% 27%
Household Income
Less than $25,000 NA NA 53%
$25,000-$50,000 NA NA 26%
50,000 or more NA NA 15%

NA- Not available

' The Unemployed/Homemaker category includes NHA®®aondents who were unemployed and HCTLS
participants who were homemakers and/or workeawaiteh

Women in all samples spent a higher percentageenf day indoors than the
samples as a whole. HCTLS female participants ssoit 8-9% (~2 hours) more of
their day inside residential locations and about(3% hour) less of their day inside
Retail or Restaurant/Bar locations compared to womeéhe NHAPS samples. Female
HCTLS participants were not significantly differeahtan women in the NHAPS samples
in terms of time spent across all outdoor categobat they did spent significantly less
time outdoors at residential location (perhapstdube methodological reasons
described above) and significantly more time trengebutdoors than women in the
NHAPS samples. They spent significantly less tima vehicle than women in the
NHAPS-Nation sample, but were not significantlyfeliént in their in-vehicle time than
women in the NHAPS-CA sample. Interestingly, thatree time activity patterns of the
Hispanic HCTLS and NHAPS sub-samples were largetylar to those of the samples
as a whole, with the exception that Hispanic NHAB§pondents spent more time in-
vehicle than the NHAPS respondents as a whole.

The time-location patterns were most similar betwid€TLS participants who
were homemakers or worked at home and unemplogpdmneents in the NHAPS
samples. Although there was no significant diffeeeacross samples in time spent inside
residential locations, homemaker HCTLS participaidisspend significantly more time
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on average (~1 hour) inside Public, Service, SchardlWorkplace locations than the
unemployed NHAPS samples. This may reflect thaty@TLS participants were
volunteers and/or attended community educatiorseasPerhaps due to methodological
differences, homemaker HCTLS participants spemtifsagintly less time outside
residential locations. Like the female subsampiespemaker HCTLS participants were
not significantly different than the unemployed NPI& samples in terms of the
percentage of the day spent traveling (7%).

5.3.1.4 Location Type by Time of Day

Figure 6.3.1.2 illustrates the location by timedal of all NHAPS-Nation adult
respondents, unemployed NHAPS-Nation adult respasdand HCTLS participants.
HCTLS participant locations by time of day were tgimilar to unemployed NHAPS
respondents. Over 90% of all three groups weredrglbefore 6:00 and after about 23:00
and roughly 75-80% all three groups were in an andocation between about 8:00 and
18:00. The locations in which the samples sperdondime varied substantially. As may
be expected, NHAPS adults as a whole spent a nangarlportion of their indoor time
between 8:00 and 18:00 in Public Service, Schadlyorkplace locations than HCTLS
participants and unemployed NHAPS respondents,spleat roughly 50% or more of
their midday time indoors at residential locatioAETLS participants appear to have
spent less time outdoors at a residence and mmesdutdoors at other locations in the
midday period than the NHAPS samples, but thederdiices may be partially due to
differences in data collection and classificatiogtinods.

Although the HCTLS graph appears somewhat jaggedalthe small sample
size, its diurnal patterns are consistent withtiime location profiles described above and
the characteristics of the nonrandom HCTLS studyupadion. There was a spike among
HCTLS participants for those leaving home in-vediot walking between 7:00-8:00
when participants were typically taking househdiddren to school. They spent a much
larger portion of their time indoors at Public, 8ee, School, or Workplace locations
between 8:00-15:00 than unemployed NHAPS respoadargely because they were
involved in community classes and volunteer worloaal schools and health education
organizations. As may be expected their time iseHecations drops at about 15:00
when they typically picked up their children frorayg¢are and school. The slight increase
in this location type between 18:00-20:00 is cdesiswith the fact that HCTLS often
left home in the early evening for grocery or resaiopping.
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Table 5.3.1.2. Mean percent of day (95% CI) in fmees/activities, NHAPS and HCTLS,

Age 21-65

Location type

A. Time by location, All Adults Age 21-65
Indoors
Residential
Public, Services, School, Workplace
Retail, Restaurant/Bar
Outdoors
Residential
Other .
Outdoors Traveling or Waiting
Traveling or Waiting During Travel
Outdoors Traveling or Waiting
Enclosed Vehicle, Traveling or Waiting

B. Time by location, Female

Indoors
Residential
Public, Services, School, Workplace
Retail, Restaurant/Bar

Outdoors
Residential
Other _
Outdoors Traveling or Waiting

Traveling or Waiting During Travel
Outdoors Traveling or Waiting
Enclosed Vehicle, Traveling or Waiting

C. Time by location, Hispanic

Indoors
Residential
Public, Services, School, Workplace
Retail, Restaurant/Bar

Outdoors
Residential
Other _
Outdoors Traveling or Waiting

Traveling or Waiting During Travel
Outdoors Traveling or Waiting
Enclosed Vehicle, Traveling or Waiting

D. Time by location, Unemployed/Homemaker"

n=111
90.3 (89.1-91.%)
78.1 (75.6-80.5)
10.5 (8.4)t2
1.8 (1.3-2.3)

N N O
MO N OO

n=100

NHAPS-Nation

n=5,807

86.6 (86.2-87.0)*
65.6 (65.0-66.1)*
16.0 (15.5-16.5)*
5.0 (4.8-5.3)*

n=3,113
89.3 (88.9-89.7)
69.1 (68.4-69.8)*
15.0 (14.4-15.6)*
5.2 (4.9-5.5)*
4.9 (4.6-5.2)
2.6 (2.3-2.8)*
1.4 (1.2-1.6)
1.0 (0.9-1.1)*
6.8 (6.5-7.0)
1.0 (0.9-1.1)*
5.8 (5.6-6.0)*

n=408

86.9 (85.5-88.3)*
65.5 (63.6-67.5)*
16.4 (14.5-18.2)*
5.0 (4.1-6.0)*
2 (5.1-7.3)

NHAPS-CA

n=310
87.9 (86.6-89'3)
70.1 (68.0-7212)
12.9 (11.0-14.7)
5.0 (4.1-5.9)
6.4 (5.3-7.5)
2.7 (2.1-3.3)
2.3(1.5-3.1)
1.3(0.9-1.7)
7.0 (6.2-7.8)
1.3 (0.9-1.7)
5.7 (5.0-6.3)

n=109
85.1 (82.0-8812)
65.1 (61.2-690)
14.9 (11.2-187)
5.1 (3.5-6.7)
8.2 (5.9-10.6)
3.

n=162

Indoors 89.4 (88.1-90.8)* 6 ) 85.5 (83.2-8718)
Residential 78.7 (76.3-81.2) 78.3 (77.4-79.2) 78.0 (75.2-80.7)
Public, Services, School, Workplace 8.7 (6.%)0 5.0 (4.5-5.6)* 4.0 (2.7-5.8)
Retail, Restaurant/Bar 2.0 (1.5-2.6)* 3.8 (3.5-4.2)* 3.6 (2.6-4.5)

Outdoors 5.9 (5.0-6.8)* 7.6 (6.9-8.2)* 9.6 (7.7-11.6)
Residential 1.1 (0.8-1.4)% 4.4 (3.9-4.8)* 4.8 (3.4-6.5)
Other _ 2.4 (1.7-3.0) 2.0 (1.6-2.3) 3.2 (1.7-4.7)
Outdoors Traveling or Waiting 2.4 (1.9-2.9)* 1.3 (1.0-1.5)* 1.6 (0.9-2.3)

Traveling or Waiting During Travel 7.1(6.1-8.1) 6.6 (6.1-7.0) 6.5 (5.3-7.7)
Outdoors Traveling or Waiting 2.4 (1.9-2.9)* 1.3 (1.0-1.5)* 1.6 (0.9-2.3)
Enclosed Vehicle, Traveling or Waiting 4.7 (3.8) 5.3(4.9-5.7) 4.9 (3.9-5.9)

'Time Outdoors Traveling or Waiting is included ioth Outdoors and Traveling categories and tabulatio

" The Unemployed/Homemaker category includes NHAGBondents who were unemployed and HCTLS

participants who were homemakers and/or workeawateh

* Denotes the difference between HCTLS and NHAP$eXas significant (unpairetitest,P<.05)
T Denotes the difference between HCTLS and NHAPSiO#ignificant (unpairetttest,P<.05)



6.3.1.5. _Proximity to Major Roadways and TruckuRs by Time of Day

The HCTLS study area is heavily impacted by as naan$6,000 HDDTs which
serve the Ports of Los Angeles and Long Beach @drbng Beach and Port of Los
Angeles, 2006), resulting in 500-600 HDDTSs per hauimajor arterials in the study area
(Houston et al., 2008). This raises public heatthcerns given diesel-related pollutant
concentrations of black carbon, nitric oxide, dltra particles, and particle-bound
polycyclic aromatic hydrocarbons are frequentlyated within 200 m of these truck
routes (Kozawa et al., 2009) and that residentiaimity to major roadways and truck
routes has been consistently associated with higiesmalence of respiratory ailments,
reduced lung function, and increased mortality (Bkreef et al., 1997; Van Vliet et al.,
1997; Adar and Kaufman, 2007; Lipfert and Wyzgd)&0 Because previous studies did
not have minute-by-minute time-activity and locatiata, they were unable to provide a
24-hour perspective on the extent to which subjgegnt time in high traffic areas by
location type.

Although no HCTLS participants lived within 200m twfjh-traffic freeways, nine
participants lived near a major arterial with mexwlitraffic. While these participants
spent about 81% or over 19 hours of their daynmedium- or high-traffic area, HCTLS
participants as a whole spent 21% of their dayboua5 hours near heavy traffic (Table
6.3.1.3). Section B of Figure 6.3.1.3 illustrateattthe time HCTLS participants spent in
heavy traffic areas changed very little over tharse of the day and fluctuated between
20-25% between 8:00-22:00 except for when it apgred 30% between 11:00-14:00.
Our original counts of diurnal passenger and trtwaKic on two major arterials in the
study area (Houston et al., 2008) confirm that rreds were highest in these daytime
periods, particularly in the evening commute pefrotn about 15:00-18:00 (Figure
6.3.1.3, Section A).

Eight HCTLS participants lived within 200m of a¢kuroute. These participants
spent about 79% of their day or about 19 hours adarck route compared to about 18%
or about 4.3 hours for HCTLS participants as wholas percentage stayed relatively
constant over the course of HCTLS participant d&ygure 6.3.1.3, Section C).

The amount of time spent in-roadways and on sidesvauld be associated with
a substantial portion of overall exposure to veir@lated pollution given that
concentrations of vehicle-related pollutants amdigalarly high on arterials and freeways
especially in periods of heavy traffic and accdleraat intersections (Westerdahl et al.,
2007). In-vehicle may be the most important mickae@mment for overall diesel exhaust
particulate matter exposure (Fruin et al., 2004suming a person spent 1.5 hours of a
day in-vehicle, an amount consistent with the ayeia-vehicle time of the NHAPS-
Nation sample in the current study, Fruin et dineste that about 33-45% of total
exposure to ultrafine particles for residents of lfmgeles occurs while in-vehicle (Fruin
et al., 2007) and about 30-55% of total exposudid¢eel particulate matter for residents
of California occurs while in-vehicle (Fruin et,&2004).
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Figure 5.3.1.2. Location type by time of day (NH&ARs. HCTLS)
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Table 5.3.1.3. Mean percent of day by locationg/aiets and proximity to major
roadways traffic and heavy-duty diesel truck roulSTLS

Traffic volume Truck route within
Location type within 200m 200m
Nearby
Medium High No nearby truck
Low Traffic Traffic traffic truck route route
Total 79.1% 18.9% 2.0% 82.2% 17.8%
Indoors 80.8% 18.3% 0.9% 82.3% 17.7%
Residential 83.8% 15.8% 0.5% 81.7% 18.3%
Public, Service, School, Workplace 61.6% 35.7% 2{7% 89.4% 10.6%
Retail, Restaurant/Bar 55.5% 36.3% 8.2% 71.3% 28.8%
Outdoors 74.5% 19.6% 6.0% 85.0% 15.0%
Residential 72.0% 26.4% 1.6% 94.5% 5.6%
Other 64.5% 24.2% 11.39 80.5% 19.5%
Outdoors Traveling or Waiting 88.1% 10.6% 1.4% 8.1 13.9%
Traveling or Waiting During Travel 64.8% 23.0% 12.2% 80.1% 19.9%
Outdoors, Traveling or Waiting 88.1% 10.6% 1.4% 186. 13.9%
Enclosed Vehicle, Traveling or Waiting 54.9% 28.3% 16.8% 77.5% 22.5%

AADT=Annual Average Daily Traffic
Low traffic is <24,999 AADT; Medium traffic is 25®-49,999 AADT; High traffic is >=50,000 AADT

In comparison, the HCTLS participants spent ab@uinihutes on average per
day in-vehicle (Table 3). Only about 45% (~30 mew)tof this in-vehicle time was in
proximity to heavy traffic and only about 23% (~héhutes) of this in-vehicle time was
near a truck route (Table 6.3.1.3). Since HCTLSigpants spent less time in-vehicle,
their time in-vehicle may comprise a smaller prajoor of their overall daily exposure to
vehicle-related pollution than the levels describgd-ruin and co-workers (Fruin et al.,
2004; Fruin et al., 2007). HCTLS participants, hoere who spent substantial time in-
vehicle such as Sample Participant D profiled aboag have experienced substantial in-
vehicle exposures.

Time spent as pedestrians in heavy traffic areals@sof concern since higher
activity rates are associated with higher ratdsre&thing and pollution exposure.
Interesting, although HCTLS patrticipants spent al3@uminutes per day on average
traveling outdoors or waiting for transit, only 13%4 minutes) of this time on average
was in close proximity to heavy traffic and only244~4 minutes) of this time was near a
truck route.

HCTLS participants spent about 2.4 hours per dagvamage in Public, Service, School,
and Workplace locations. About 38% (~55 minutes3 g@ent near heavy traffic and
about 11% (~16 minutes) of this time was near ektroute. Smaller retail, commercial,
and public land uses tend to be located along naagerials in the study area and could
potentially be an important microenvironment foewll exposure to vehicle-related air
pollution. About 35% of the time participants spanbther outdoor locations was in
proximity to heavy traffic and about 20% was ne&wak route.
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Figure 5.3.1.3. Diurnal study area traffic patseamd proximity to major roadways and
truck routes
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5.3.2 In-Home Particulate Matter Monitoring Results

5.3.2.1 In-Home Particle Count Measurements (CPC)

5.3.2.1.1 Background

A CPC instrument (TSI Model 3700) was used to mesparticle number (PN)
concentrations in the homes of HCTLS participaAteandful of previous studies have
used the CPC 3007 to monitor indoor/outdoor partcincentrations across building
types (schools, office buildings, residences) anithiernational locations with different
levels of urbanization and traffic density.

Diapouli et al.’s (2007) monitoring in Athens iretbold periods of 2002 and
2003 observed 8-hour mean particle number condentsaas high as about 53,000 tm
inside a school and as high as about 39,008autside a school near heavy traffic. They
observed 8-hour mean concentrations in classroantggirg from about 2,000-25,000 tcm
3 with the highest values occurring in close pradkjrto a major roadway and the lowest
in a rural area. They observed that “classroom eotnations decreased with the degree
of traffic density and urbanization, indicating tha the absence of significant indoor
sources, vehicular emission influenced greatlyitkdeor concentration levels” (p. 132).
Their 24-hour average indoor concentration oveeakniat the non-smoking residence
monitored was about 13,000 énand the highest 24-hour average of about 21,600 ¢
occurred on the day the study room was cleanedddrcleaning days, the daytime
mean (8:00—16:00) was about 10,000°cthe evening mean (16:00—00:00) was about
13,000 cnit, and the night mean (00:00-8:00) was about 17¢80Y They observed 8-
hour daytime residential outdoor mean concentratirabout 14,000 ch

Monkkonen et al. (2004) report 1-hour average imd@é concentrations in the
range of 20,000-80,000 ¢hbased on CPC Model 3007 measurements in an urban
household in Nagpur, India. They suggest high 1rltoncentrations in the daytime are
associated with outdoor vehicular traffic as welbgomass or refuse burning. Daytime
peaks were also explained by poor ventilation,dargjling fans and small kitchens.
Mean concentrations on a 24-hour period ranged fibaut 22,000-30,000 ¢fn

Zhu et al. (2005) measured particle count concgotrain our two-bedroom
apartments within 60 meters of the 405 Freewayastw.os Angeles, CA and found that
outdoor counts were abolib—2 times higher than indoor particle count cotregions
Daytime counts (10am-5pm) inside downwind apartserre about,000-12,000 cri
and PN counts inside the one monitored upwind apartrwas about0,000 cnit. As
they note, these measurements are not directly a@abfe to measurements using the
CPC model 3007 used in the HCTLS sing@utdoor measurements made by the P-Trak
were usually 20—60% lower than those measureddZ#C, while indoor P-Trak
measurements were typically 10-40% lower than CRR@sawrement. Thus, P-Trak
results do not accurately reflect the smallestiglag emitted by traffic and should be
interpreted with cautidn(p. 311). Also, during infiltration conditions Witair exchange
rates ranging from.31 to 1.11 A, they found that the highest PN Indoor/Outdod®)/
ratios (0.6-0.9yere usually found for larger ultrafine particl@®{100nm), while the
lowest I/O ratios (0.1-0.4) were observed for pattite matter of 10-20nm.
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Kozawa et al. (2009) conducted on-roadway and redvway measurements of
particle number concentrations in the HCTLS stueghaaising a mobile platform which
characterized the spatial distribution of pollutmncentrations in communities adjacent
to the Ports of Los Angeles and Long Beach. Thesasurements provide a frame of
reference for understanding the range of outdoocéMentrations near the homes of
HCTLS participants. They found that concentratioas range generally from 20,000-
40,000 critin areas within 150m-600m of major roadways butegth peaks of
50,000-80,000 ciin commercial and residential areas near roadwaétyssubstantial
heavy duty diesel truck traffic.

Previous studies have also identified severalondources of particulate matter
and suggest the extent to which they contributbeécoverall indoor PN concentrations.
Abt et al. (2000) monitored four single-family hosrfer 1-2 six day periods and found
that cooking, cleaning, and the movement of peagliee the most important indoor
particle sources in these homes. The impact ofdndources was less pronounced when
air exchange rates were higher. Under this conditidoor particle concentrations
tracked outdoor levels more closely. Afshari e(2005) examined PN concentrations
from various sources in a chamber study and fobatdigarette smoke, candles, vacuum
cleaners, irons, air-fresheners, and electric asdstpves were important sources of
indoor PM.

5.3.2.1.2 In-Home Particle Number Counts

As expected, we found substantial variation inghgicle count concentrations in
the homes of HCTLS participants. Appendix 6.6.2v/mtes a sample-specific summary
of the average particle count concentrations medsusing a CPC instrument in HCTLS
participant homes during baseline and follow-uginiews. The appendix also provides
general details on the building type, residenceatttaristics, sampling periods and time
of day, and potential indoor sources. Monitoringswanducted for a minimum of 15
minutes to over an hour depending on the lengthagiing and interviews, and occurred
over multiple periods of the day from mid-mornimglate evening because participant
schedules and availability varied widely.

Recent studies have conducted stationary monitafif®N concentrations in the
HCTLS study communities and stress that outdooalfutie particle concentrations vary
substantially over small spatial and temporal scedlee to their short lifetimes and
multiplicity of sources (Krudysz et al., 2007; Mecet al., 2007; Krudysz et al., 2009).
This insight underscores the need for caution whimpreting the results of our PN
concentrations in HCTLS participant residenceseeisly given that were only
monitored concentrations for short periods of time.

Table 6.3.2.1 summarizes the average PN concerisagicross all sampling
periods, and groups them based on whether doodswis were open or closed, whether
potential indoor PM sources were apparent, andhenehere were potential
instrumentation problems. PN counts were colledigihg 94 in-home baseline and
follow-up visits, out of 102 visits. The CPC (Mod&907) used detected particles ranging
in size from 0.01 to 1 um and counts were colleeted-minute averages. The CPC was
not used during 8 visits because it required clgggmaintenance. Monitoring lasted
about 26 minutes on average.
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Table 5.3.2.1. Summary of Average Particles’dor All Monitoring Periods

All Closed Open Open Open

doors/windows | Doors/windows | Doors/windows | Doors/windows

All No noticeable Potential indoor

indoor source source or CPC

problems

Monitoring Periods 94 4 90 52 38
Average Minutes 26 43 24 25 24
Mean 27,500 15,000 28,000 25,100 30,900
Max 143600 26,300 143,600 66,400 143,600
Min 5,900 5,900 6,100 6,300 7,100
Median 23,100 13,800 23,300 22,100 25,000
SD 18,900 8,400 19,100 13,700 25,000

Note: Tabulations reflect on the average PN coaotsss monitoring periods.

Only 4 locations had all windows and doors closedi the average PN
concentration across these locations was aboudQ%®°. The vast majority of
sampling periods (90) occurred in a residence afitleast one door or window open
during monitoring period.

Fifty-two of these 90 monitoring periods with op@mdows/doors occurred
when there was no noticeable potential indoor saufithe average concentrations at
these locations was about 25,000%and the means at these locations ranged from about
6,000-66,000 cm. Generally, these indoor concentrations were aBa&itimes the urban
background levels PN concentration, assuming aerahgrban backgrounds of 5000-
20,000 cr? (Hu et al. Personal communication).

Of these 52 monitoring periods with open windowsfdcand no noticeable
potential indoor source, the highest average PMtc@t66,000 cii) was in a one-story
duplex not near a major roadway and with no nobteeadoor source (other than a hot
water heater). The second highest average PN ¢e65f000 crit) was in a ¥ story
apartment with a strong breeze from the I-710 faee(®50 meters from the apartment
across a park) passing from the front door thrahghapartment to the patio door.
Another high PN count (~79,000 particles/taverage) occurred in the first 18 minutes
of monitoring at a residence about 600m north efrttajor truck route Harry Bridges
Boulevard just north of the Port of Los Angeles abdut 500m east of I-110 freeway.

Thirty-eight monitoring locations had an open daamtdow and a noticeable
indoor source (cooking, recent cooking re hot postmve, vacuuming, child playing on
carpet next to instrument, ceiling or floor fan @n)potential CPC problem (low alcohol
warning, or wick problems). The average concertratiat these locations was about
31,000 crit and the means at these locations ranged from &0 to 144,000 crh
The highest average PN count (about 144,000 pestimi?’) occurred in a residence
where cooking was underway.
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Although our PN monitoring was conducted at onlyrated number of
households for relatively short periods of time,va&e grouped participant residences in
southwestern Wilmington to examine the extent tectvlour limited results are
consistent with the hypothesis that PN concentnataould be higher in residences near
the major truck route Harry Bridges Boulevard justth of the Port of Los Angeles.
These summary results include only monitoring pksiduring which there were open
windows/doors and no noticeable indoor sourcesaWeage concentrations across
monitoring periods in residential “clusters” whiake within about 40-60 meters of each
other in southwestern Wilmington. Cluster averagyespresented by their distance from
the port complex starting with the one farthestrfidarry Bridges Boulevard.

The first residential cluster of six monitoring f@els, which was about 550-600m
north of Harry Bridges Boulevard and about 450-5@ast of I-110, had an average
concentration of about 20,000 érand had average monitoring period concentratiéns o
7,000-44,000 ci. The second residential cluster of five monitonregiods, which was
about 400-470m north of Harry Bridges Boulevard abhdut 600m east of I-110, had an
average concentration of about 29,000°@nd had average monitoring period
concentrations of 17,000-46,000 €nThe third residential cluster of two monitoring
periods (at a single residence), which was aboObB8orth of Harry Bridges Boulevard
and about 220m east of 1-110, had average mongt@amniod concentrations of about
15,000 cnt and 26,000 ci The fourth residential cluster of six monitoripegriods,
which was about 185-220m north of Harry Bridges IBeard and about 475m east of I-
110, had an average concentration of about 31,600and had average monitoring
period concentrations of 7,000-58,000 tnAlthough caution should be used when
interpreting these limited measurements, the olasiervthat the average indoor particle
concentration inside these residences with opedaws/doors at clusters #1, #2, and #4
increases from 20,000 29,000 crit and 31,000 ciis consistent with the hypothesis
that PN concentrations could be higher in residemear the major truck route Harry
Bridges Boulevard just north of the Port of Los Ales.

5.3.2.2 In-Home Particle Mass Measurements (DustTrak)

Two DustTrak instruments (TSI Model 8520) were usetheasure particulate
matter mass concentration in the homes of HCTL8qi@eints. Although continuous
monitors such as DusTraks have several advantagkatithey provide real-time data
and characterization of short-term high concerareti(Babich et al. 2000; Chung et al.
2001), they can suffer from accuracy problems ardikely more useful on a relative
rather than absolute basis (Ramachandran et 80; Zhung et al., 2001; Moosmuller et
al., 2001; Yanosky and Macintosh, 2001; Yanosksl €2002). Previous studies
suggested DustTrak instrument overestimate theerdration of airborne particulate
matter by factors of two or three compared to mesasants from filter-based
instruments such as the Harvard Impactor (Ramacharet al., 2000; Chung et al.,
2001; Yanosky et al., 2002) and that PM measuresraaitected using DustTrak
instruments should be used as a relative measiizeetfal., 2003). Therefore, DustTrak
measurements collected in the homes of HCTLS paatits should be interpreted
cautiously and be analyzed on a relative rather #mabsolute basis. Appendix 6.6.3
details the particle mass measurements using Dalstfistruments in HCTLS participant
homes during baseline and follow-up interviews.
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5.4 Discussion

The HCTLS is first study to integrate participaaported activity log and passive
GPS tracking with follow-up interviews to documémé time-location patterns of a low
SES immigrant group in a major transportation anoldg movement corridor.
Participants were largely Hispanic women and honkemsaand spent about 89% of their
time indoors, about 5% of their time in encloseligkes, and about 6% of their time
outdoors. Using these broad location categoridigipant time-location patterns are
were fairly consistent with those of adult respartdéo previous random telephone recall
surveys in California (Wiley et al., 1991), the tad States (Klepeis et al., 2001), and
Canada (Leech et al., 2002). Although many HCTaRigpants were active volunteers
and/or attended community education classes, theyts significantly higher proportion
of their time indoors at home than respondentbésé previous surveys (78% vs. 63-
66%). In this regards, HCTLS participants were nsasilar to unemployed adult
respondents in the national NHAPS sample.

Participants did not report about half of the lomaftravel identified in the GPS-
enhanced data, an important insight given we agge@wf only two studies in exposure
assessment which assess the correspondence beteteey log and GPS tracking.
Phillips et al. 2001 identified short unreporteidgron activity logs during 16 GPS trials
with participants aged 21-55 years old in the O&tah Urban Air Toxics Study.
Egulthun et al. 2007 used GPS tracking to deteritiaeparents of 31 children ages 3-5
years in Seattle, Washington misclassified timation patterns on diary timeline about
48% of the time, and that parents in Spanish-spedkbuseholds were more likely to
misreport time-locations. Even though our methaas$ study population differed in
significant ways, this rate is very similar to timederreporting rate among HCTLS
participants (49%). Analysis of travel surveys frioar California counties compared
GPS vehicle tracking to travel diaries and suggkstat respondents did not report 18-
35% of vehicle trips (California Department of Tsaortation, 2002; Zmud and Wolf,
2003). In comparison, HCTLS did not report 44% effiicle trips.

Integrated methods were particularly beneficiatlassifying time-location
patterns of HCTLS participants because log compéste varied due to limited literacy
skills and the frequency with which participantsarled activities. When available,
activity log details provided valuable informatiahout activity times, location types,
microenvironment characteristics, and travel moetaits which were not always readily
apparent by overlaying GPS data with highly-resolaeeal photography and land use
maps. When not available, we prompted participamfsovide these details in follow-up
interviews and queried participants to clarify aitiés observed in GPS data which were
not on logs (usually short trips or stops on a &rtgp). Integrated activity tracking
methods provide opportunities for clarification amwdss-verification not available in
telephone recall surveys and log-only activity &nadel tracking.

Like previous studies (Phillips et al., 2001; Ebuh et al., 2003; Rainham et al.,
2008), we found that GIS provided a valuable tooldiassifying patterns by enabling
overlays of GPS locations on street, land use aal ahotography data. Although we
consistently determined participant arrival andatape from locations by mapping GPS
data, we were unable to distinguish 10-20m sh#tsvben indoor and outdoor
microenvironments because of limited GPS positiacalracy inside or adjacent to
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some building types. Despite this difficulty in tinguishing outdoor time near buildings,
integrated GPS tracking provides diurnal data atigggant microenvironments and
activities comparable to those identified in adgivdata based on traditional recall and
log-only methods.

Although the time-location patterns of HCTLS papants were similar to those
of other populations based on broad location caitegoGPS activity databases when
enhanced by log and follow-up data offer substamtiprovements over these methods
by providing a nearly continuous spatial databasaé ¢an be used to model exposure on
smaller time intervals based on proximity to patlatsources and concentrations over
the course of the day. We demonstrate this belg#ixamining the extent to which
participants spent time in high traffic areas aadrrtruck routes given vehicle-related air
pollutants and related health impacts are hightaliaed downwind of major roadways.
Relatively short periods in these areas and inelelduring heavy traffic and intersection
accelerations could be associated with a largegotiom of an individual's overall daily
exposure to vehicle-related air pollution. Of thkdurs that HCTLS participants spent in
high traffic areas on average, about 3 hours wesiedé a residence and about 1 hour was
inside a public, service, retail, or workplace lo@a. Potential exposures in these
locations could be of particular concern given B@{70% of participants were inside a
residence and 20-40% of participants were withpilalic, service, school, or workplace
location in the morning, mid-day, and early evernpegiods when traffic on arterials and
freeways tend to be at their highest levels. AlgioHCTLS participants spent slightly
less time in-vehicle than the national NHAPS samibleir in-vehicle time could also
potentially be an important microenvironment foewll exposure to vehicle-related
pollutants since they spent 30 minutes of in-vehiche in high-traffic areas. Further
research is needed to evaluate the extent to Wihgttly resolved GPS-enhanced time-
location data can enhance exposure estimates.

We monitored PM mass and number inside HCTLS ppait residences during
baseline and exit interviews yielding the only dataindoor pollutant levels collected
during the Harbor Community Monitoring Study. Adtigh our sampling was very
limited, we found substantial variation in the ioshe particle count concentrations in the
homes of HCTLS participants and patterns suggegthhgoncentrations could be higher
in residences near the major truck routes and dhecomplex. During 52 monitoring
periods averaging 25 minutes conducted in residewd@ at least one open window or
door and no noticeable potential indoor sourceatrerage concentration using a TSI
CPC Model 3007 was about 25,000 tand the means at these locations ranged from
about 6,000-66,000 cfn More extensive monitoring is needed to bettetenstand
indoor PM concentrations in communities in goodvemoent corridors and the
relationship of outdoor and indoor air pollutiomecentrations.

Our experiences with participants reiterated thatdents of port-adjacent
communities are very concerned over the potengalth effects of port- and truck-
related air pollution. Many discussed family hiegdtoblems such as persistent asthma
which they attributed to air pollution and wantedetter understand the conditions
under which they and their community are exposqub&sible harm. Despite their
concern and interest, residents seemed to havegengral knowledge about the
potential sources, dispersion patterns, and hanmmiodcts of air pollution. Effective
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interventions to reduce exposure in these comnaawtill require not only more

pollution and activity monitoring but also extersipublic outreach and education so that
harbor community residents can be more effectivenpes in developing and
implementing policy and planning solutions to aitlption problems in their
neighborhoods.
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6.0 CONCLUSION AND RECOMMENDATIONS

This mobile platform based research has substhnéigbanded our
understanding of the potential impacts of mobilerse emissions on adjacent
microenvironments, including near-roadway impacteoduring the day; residential
neighborhoods downwind of major roadways in thequnerise hours; and neighborhoods
downwind of general aviation airports such as thet® Monica Airport. In all of these
cases, there is the potential for human exposaora®bile source-related emissions that
are elevated, perhaps highly elevated, compardudthét exposures of people living
outside such impact areas. In the following se&stiowe present a summary of our key
findings and mention some of their implications ad conclusions.

6.1.1 Near-Road Air Pollution Impacts Due to Goods Movatne Designated Impact
Zones

In communities adjacent to the Ports of Los Angales Long Beach, which are
heavily impacted by heavy-duty diesel truck tra(ftDDT), diesel-related pollutant
concentrations such as black carbon, nitrogen oxili&fine particles, and particle
bound polycyclic aromatic hydrocarbons were frediyezlevated two to six times within
150 m downwind of freeways (compared to more tHatrh) and up to two times within
150 m arterial roads with significant amounts afsdil traffic.

While wind direction was the dominant factor asatex with downwind impacts,
steady and consistent wind direction was not reguio produce high impacts, which
were usually observed whenever the wind directiacgrl a given area downwind of a
major roadway for any significant fraction of tim&his suggests that elevated pollution
impacts downwind of freeways and of busy arteraésnearly constantly occurring on
one side or the other of a busy roadway, deperalingind direction.

The diesel truck traffic in the area studied waghhivith more than 2,000 trucks
per peak hour on the freeway and two- to six-hushdngcks per hour on the arterial
roads studied. These results suggest that sigifl@tjuent impacts occur throughout
coastal zone urban areas in rough proportion teetlieuck traffic fractions, although
more studies are needed in drier inland areas whahexhibit stronger radiation
inversions. Thus, persons living or working neaa downwind of busy roadways can
have several-fold higher exposures to diesel vehiglated pollution than would be
predicted by ambient measurements at fixed-siteitoramg networks which have been,
established to characterize average pollutant curaténs over larger communities or
regions.

6.1.2 Wide Area of Air Pollutant Impact Downwind of a Esay During Pre-Sunrise
Hours

We observed a wide area of air pollutant impactmeind of a freeway during
pre-sunrise hours in both winter and summer seaslonsontrast, previous studies have
shown much sharper air pollutant gradients downwinileeways, with levels above
background concentrations extending only 300 m davwih of roadways during the day
and up to 500 m at night. In winter pre-sunrisargpthe peak ultrafine particle (UFP)
concentration (~95,000 ¢ occurred immediately downwind of the freeway. wéwer,
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downwind UFP concentrations as high as ~ 40,000 extended at least 1,200 m from
the freeway, and did not reach background level§ (00 cri?) until a distance of about
2,600 m. UFP concentrations were also elevatedlmekground levels up to 600 m
upwind of the freeway. Other pollutants, such &dhd particle-bound polycyclic
aromatic hydrocarbons, exhibited similar long-diseadownwind concentration
gradients.

In contrast, air pollutant concentrations measwrethe same route after sunrise,
in the morning and afternoon, exhibited the typataytime downwind decrease to
background levels within ~300 m as found in eadteidies. Although pre-sunrise traffic
volumes on the freeway were much lower than daytioreggestion peaks, downwind
UFP concentrations were significantly higher dunomg-sunrise hours than during the
daytime; UFP and NO concentrations were also styargyrelated with traffic counts on
the freeway. We associate these elevated pressucwncentrations over a wide area
with a nocturnal surface temperature inversion, Wand speeds, and high relative
humidity.

Observation of a wide air pollutant impact area dewnd of a major roadway
prior to sunrise has important exposure assessmelfitations since it demonstrates
extensive roadway impacts on residential areamgymie-sunrise hours, when most
people are at home.

6.1.3 Observation of Pollutant Concentrations Downwind&Gahta Monica Airport

An impact area of elevated ultrafine particle (UEBHcentrations was observed
extending beyond 660 m downwind and 250 m perpeiati¢o the wind on the
downwind side of the Santa Monica Airport.

Aircraft operations resulted in average UFP comegions elevated by factors of
10 and 2.5 at 100 m and 660 m downwind, respegtiosler background levels. The
long downwind impact distance (i.e. compared talmefreeways at the same time of
day) is likely primarily due to the large volumdsaarcraft emissions containing higher
initial concentrations of UFP than on-road vehicl@grcraft did not appreciably elevate
average levels of black carbons (BC), particle-lsbpalycyclic aromatic hydrocarbons
(PB-PAH), although spikes in concentration of theskutants were observed associated
with jet takeoffs. Jet departures resulted in p@@dsecond average concentrations of up
to 2.2x16cm, 440 ng ¥, and 3Qug m® for UFP, PB-PAH, and BC, respectively, 100
m downwind of the takeoff area. These peak lewele elevated by factors of 440, 90,
and 100 compared to background concentrations.

Peak UFP concentrations were reasonably corre{gte@.62) with fuel
consumption rates associated with aircraft depestiestimated from aircraft weights and
acceleration rates. UFP concentrations remairedhtdd for extended periods
associated particularly with jet departures, bsb alith jet taxi and idle, and operations
of propeller aircraft. UFP measured downwind of SNad a median mode of about
11nm (electric mobility diameter), which was abautalf of the 22 nm median mode
associated with UFP from heavy duty diesel trucks.
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The observation of highly elevated ultrafine pagticoncentrations in a large
residential area downwind of this local airport pasential health implications for
persons living near general aviation airports.

6.1.4 Time-Location Study in Port-Adjacent Communities

The Harbor Communities Time Location Study (HCT8ggrated traditional
recall diary activity logs and with GPS trackingddollow-up “prompted recall” surveys
to document the patterns on 131 weekdays of 4% egkitlents of communities adjacent
to the Ports of Los Angeles and Long Beach, areasily impacted by diesel truck
traffic. The enhanced time-location database ggadrfrom logs, GPS and follow-up
interview data significantly improved the amountlajuality of time-location data
collected through recall diary activity logs alon@verall, about half (49%) of participant
locations and trips in the GPS-enhanced data watreenorded on participant diary logs.
Participants spent an average of over 3 hoursg@eimdunreported locations and about
half an hour per day on unreported trips.

HCTLS participants were largely low-income, Hisgamomen and homemakers
and on average spent about 89% of their day indmmisabout 7% traveling. Similar to
unemployed National Human Activity Pattern SurvisljHAPS) respondents of the same
age, HCTLS participants spent about 78% of theyrwilighin a residence and about 5%
in a vehicle. HCTLS participants, however, speigigly more of their day walking or
biking (2%) and inside public, service, schoolwarkplace locations (9%). About one
fifth lived near a heavily-travelled roadway ordkuroute and may have experienced
heightened exposures to vehicle-related pollutrRarticipants spent about 5 hours per
day on average near heavy traffic (about 3 howisléna residence, 1 hour inside a
public, service, school, or workplace location, &dminutes in-vehicle).

We also conducted very limited sampling of PM mess number inside HCTLS
participant residences during baseline and exérintws, yielding data on indoor
particulate concentrations, the only data on ingmiutant levels collected during the
Harbor Community Monitoring Study. As expected, faend substantial variation in the
in-home particle count concentrations in the hoofddCTLS participants. During 52
monitoring periods averaging 25 minutes conduate@sidences with at least one open
window or door and no noticeable potential indsaurce, the average concentration
using a TSI CPC Model 3007 was about 25,006 amd the means at these locations
ranged from about 6,000 to 66,000¢m

6.2 Recommendations

The application of an electric-vehicle mobile fdam to obtaining highly
resolved spatial and temporal air pollutant databfith gases and particulates in three
important locations in the California South CoastBasin led to the novel research
findings described above. These discoveries itstthe utility and power of using such
a mobile platform across days, seasons and gedgahplneas to elucidate effects that
cannot be observed by widely spaced, fixed-siteitnong networks and clearly this
powerful experimental tool should continue to bepkyed to investigate air pollutant
impacts on highly resolved spatial and temporadesca
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Our time-location study demonstrated the valua nbvel “prompted recall”
approach to characterizing time-activity pattemrsgort community residents, where use
of GPS records allowed identification of the liniibas of the traditional recall diary
approach. The results from this time-activity studhen coupled with the extensive air
pollutant monitoring data from the HCMS, can pr@vidiluable data for subsequent
modeling of port community resident exposures.

Given the large body of data showing increasedoididy and mortality for
people living in proximity to mobile source emisss e.g. roadways with heavy duty
diesel truck traffic, it is important to investigan future research the full implications of
the exposures identified in the present reseanciyding modeling of both individual
and population-based exposures, and potentialjeepiblogical studies.

Policies to reduce and/or minimize the exposuteastified here should be
pursued. This includes measures to further redogssions from mobile sources of all
kinds, especially those of HDDT and high-emittiragggline vehicles; reducing the
number of emitting vehicles through lower VMT sémgies and encouragement of electric
vehicles; and adoption of land-use policies thatrigt or minimize the location of
residential neighborhoods immediately adjacent &omline sources and sources such as
general aviation airports, rail yards and shipyatdarge ports.
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7.0 RECOMMENDATIONS FOR FUTURE RESEARCH

Based on the novel results from our present maibel#orm project a number of
extensions and refinements of this research arbeauggested.

Given the potential importance of our observatiba much wider area of impact
downwind of a major freeway in the pre-sunrise Boiiris important to test whether this
finding can be generalized from a single freewagtter roadways, conditions and
locations in Southern California. Candidate lomasi for testing our hypothesis, that the
wider area of impact in the pre-sunrise period &hbe a universal phenomenon for
comparable meteorological conditions, include tbedarea near the coast, further
inland near downtown Los Angeles, and also in thst&n part of the Air Basin where
day-night temperature variations are large. Thesations should be chosen to
investigate a wider range of geographic settingsaamtompanying meteorological
conditions, as well as to complement other goatsne§oing mobile platform studies
planned by the ARB. Freeway geometries (aboveetmvbgrade, etc.) should also be
investigated separately, as this may be a majonjjtex) factor in determining impact
areas. Further investigation in the evening hasiedso needed.

Mixing in the lowest layer of the atmosphere istcalito characterizing impact
areas surrounding freeways in the early mornintj.previous MP studies, including this
one, have had the capability only to measure senands, temperature and relative
humidity when the vehicle is stopped, and tempeeadind RH when it is moving. In
addition it has been possible to retrieve vertieaiperature structure data collected by
the SCAQMD at larger airports throughout the asiba These data generally begin at
about 130 m as its lowest edge, and have gooddtygenfect temporal coverage and
fairly widely dispersed spatial coverage. Cleaidgal vertical thermal structure and
wind data would be very useful especially for thalgsis of pre-sunrise data. A tethered
balloon system could be used to measure vertiogbéeature structure and other
meteorological parameters (wind speed, pressuderedative humidity) in the lowest
layer of the atmosphere. The use of tethered dwadldo determine the near ground
temperature structure of the atmosphere would bmpartant new capability for this
type of research.

In view of the attention being given to the Boyleigghts area by a wide range of
state and regional organizations, and our findofgdevated pollutant concentrations in
the BH community, it would be of interest to contfucther measurements within the
BH area, including at a new housing developmeniis tmeently under the administration
of the Housing Authority of the City of Los AngeleSimilarly, additional measurements
in the Port area at a new housing development imatedg adjacent to the ports would
be of interest.

Given the efficacy we have demonstrated for usR$ devices in obtaining
time-location data related to air pollutant expeswompared with traditional recall diary
methods, further studies could be conducted toeednd expand the methods we
developed in the Harbor Community Time-Locationdytuln particular, the ability to
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transmit time-location data obtained with a GPShgged cell phone, rapidly map and
classify activity and location patterns, and adstir follow-up surveys about unclear
patterns, would enhance data collection and caad to much larger scale studies
involving large numbers of participants.

It is important to recognize that exploiting thd futility of the air pollutant
monitoring data obtained during the HCMS and osieilar studies, for example in
modeling population-based exposures, requiredastainderstanding of the time-
activity of individuals living in areas in whichehair monitoring is conducted. Yet such
time-activity data have typically been costly am@léenging to acquire and hence are
very limited in availability. A transition to autmated, electronic capture of time-location
behavior from GPS-equipped cell phones programmécihsmit the resulting data
could greatly expand time-activity databases inst-effective manner.
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9.0 INVENTIONS REPORTED AND COPYRIGHTED MATERIAL
PRODUCED

None
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10.0 GLOSSARY OF TERMS, ABBREVIATIONS AND SYMBOLS

ARB
BC
CENS
(6{0)
CO2
DOLA
DPM
GPS
HCMS
MP
NO
NO2
NOx
NOAA
PAH
PB-PAH
PDT
PIU
PM
PM2.5
PR

SCAQMD

California Air Resources Board

black carbon

Center for Embedded Network Sensing (UCLA)
carbon monoxide

carbon dioxide

downtown Los Angeles

diesel particulate matter

global positioning system

Harbor Community Monitoring Study

mobile platform

nitric oxide

nitrogen dioxide

oxides of nitrogen

National Oceanic and Atmospheric Administoati
polycyclic aromatic hydrocarbons

particle bound PAH

Pacific Daylight Time

Particle Instrument Unit

particulate matter

particulate matter less than 2.5 um in diame
prompted recall

South Coast Air Quality Management District
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SCPCS

SMA

SoCAB

T/A

T/L

UCLA

UFP

UTM

uv

WLA

Southern California Particle Center and Sitper
Santa Monica airport
South Coast Air Basin
time-activity
time-location
University of California, Los Angeles
ultrafine particles
Universal TransMercator
Ultra-violet

west Los Angeles
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11.0 APPENDICES
11.1 Participant-Level Time Location Pattern Summaries

Participant 202:
Profile: Female, Hispanic, between 40-65 years old, pr&penish, completed B.A.
or higher
Household CompositioNlo young children (<5), two older children (6-1#ur adults
(18-65), no seniors (>65)
Work and TransportatianNVorks at home and away from home part time, one
household cars

Table A. Hours and Percent of Day by Microenvironmdravel Mode and Proximity to
Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 22.8 94.9% 20.6 85.9% 20.8 86.7%

Outdoors 0.7 2.9% 2.0 8.4% 1.1 4.6%

In-Vehicle 0.5 2.2% 1.4 5.7% 2.1 8.8%
Travel & Mode

Not Traveling 23.1 96.4% 21.8 91.0% 21.8 90.8%

Walking 0.3 1.4% 1.2 5.0% 0.2 0.8%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.2 0.7% 0.4 1.6%

Vehicle Travel 0.5 2.2% 0.8 3.3% 1.6 6.7%
Traffic Level within 200m

Low 3.3 13.7% 2.5 10.6% 3.4 14.2%

Medium 20.7 86.3% 21.3 88.7% 17.9 74.4%

High 0 0.0% 0.2 0.8% 2.7 11.4%
Truck Route within 200m

No Nearby Truck Route 24  100.0% 23.6 98.5% 18.8 78.5%

Nearby Truck Route 0 0.0% 0.4 1.5% 5.2 21.5%
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Table B. Unique Trips by Destination Type

Participant 204

Profile: Female, Hispanic, between 40-65 years old, pr&pesish, completed high

school

Household CompositioNlo young children (<5), two older children (6-1@he adult
(18-65), no seniors (>65)
Work and TransportatiarStudent / working part time, no household car

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 19.8 82.3% 21.8 90.7% 22.5 93.9%

Outdoors 2.7 11.3% 1.2 4.8% 0.6 2.6%

In-Vehicle 1.5 6.3% 1.1 4.5% 0.8 3.5%
Travel & Mode

Not Traveling 22.4 93.2% 22.2 92.6% 23.0 95.9%

Walking 0.1 0.6% 0.7 3.0% 0.2 0.6%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 1.5 6.2% 1.1 4.5% 0.8 3.5%
Traffic Level within 200m

Low 17.3 72.2% 18.6 77.5% 20.5 85.3%

Medium 6.2 25.6% 5.3 22.1% 3.5 14.6%

High 0.5 2.1% 0.1 0.5% 0.0 0.2%
Truck Route within 200m

No Nearby Truck Route 22.1 91.9% 23.8 99.0% 23.8 99.3%

Nearby Truck Route 1.9 8.1% 0.2 1.0% 0.2 0.7%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking _ Transit _Vehicle Total| Walking  Biking _Transit _Vehicle, Total| Walking  Biking _Transit _Vehicle,
Total 10 2 0 0 8 10 3 0 0 7 7 2 0 0 5
Home 4 1 0 0 3 4 1 0 0 3 3 1 0 0 2
Work 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Education 2 0| 0| 0 2 2 0 0| 0| 2 2 0 0 0| 2
Volunteer 1 0| 0| 0 1 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 3 1 0| 0 2 1 1 0| 0| 0| 1 1 0 0| 0|
Dining/Eating 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Shopping/Retail 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
Services 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0
Recreational/Exercise 0| 0| 0| 0 0 2 1 0| 0| 1 0 0 0 0| 0|
Residential Visit 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Community/Public 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Participant 205:

Profile: Female, Hispanic, between 21-39 years old, pr&pesnish, completed less

than high school

Household Compositior®ne young child (<5), four older children (6-1&yp adults
(18-65), no seniors (>65)
Work and TransportatiarStudent and working, no household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2
Hours %Time Hours %Time

Microenvironment

Indoors 17.5 72.9% 23.3 97.1%

Outdoors 5.6 23.3% 0.5 2.1%

In-Vehicle 0.9 3.8% 0.2 0.7%
Travel & Mode

Not Traveling 22.5 93.8% 23.7 98.9%

Walking 0.6 2.4% 0.1 0.3%

Biking 0 0.0% 0.0 0.0%

Transit Travel 0.6 2.4% 0.2 0.7%

Vehicle Travel 0.3 1.4% 0.0 0.0%
Traffic Level within 200m

Low 51 21.2% 0.3 1.5%

Medium 18.9 78.8% 23.7 98.5%

High 0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 22.1 92.2% 24.0 100.0%

Nearby Truck Route 1.9 7.8% 0.0 0.0%
Table B. Unique Trips by Destination Type

Day 1 Day 2

Description Total| Walking  Biking Transit Vehicle Total| Walking  Biking Transit Vehicle
Total 14 5 0 5 4 3 1 0 2 0
Home 4 1 0 1 2 2 1 0 1 0
Work 0 0 0 0 0 0 0 0 0 0
Education 0 0 0 0 0 0 0 0 0 0
Volunteer 2 0 0 1 1 0 0 0 0 0
Pickup-Dropoff 7 4 0 3 0 1 0 0 1 0
Dining/Eating 0 0 0 0 0 0 0 0 0 0
Shopping/Retail 0 0 0 0 0 0 0 0 0 0
Services 0 0 0 0 0 0 0 0 0 0
Recreational/Exercise 1 0 0 0 1 0 0 0 0 0
Residential Visit 0 0 0 0 0 0 0 0 0 0
Community/Public 0 0 0 0 0 0 0 0 0 0
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Participant 206:
Profile: Female, Hispanic, between 40-65 years old, pr&pesnish, completed less
than high school
Household Compositioidlo young children (<5), two older children (6-1&yp adults
(18-65), no seniors (>65)
Work and TransportatiarStudent and homemaker, no household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2
Hours %Time Hours %Time

Microenvironment

Indoors 22.7 94.5% 22.6 94.2%

Outdoors 1.3 5.5% 1.4 5.6%

In-Vehicle 0 0.0% 0.0 0.1%
Travel & Mode

Not Traveling 22.9 95.4% 23.0 95.9%

Walking 0.2 0.9% 0.5 2.2%

Biking 0.9 3.6% 0.4 1.7%

Transit Travel 0 0.0% 0.0 0.0%

Vehicle Travel 0 0.0% 0.0 0.1%
Traffic Level within 200m

Low 24 100.0% 24.0 99.8%

Medium 0 0.0% 0.0 0.2%

High 0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 24 100.0% 24.0 100.0%

Nearby Truck Route 0 0.0% 0.0 0.0%

Table B. Unique Trips by Destination Type

Day 1 Day 2

Description Total| Walking  Biking Transit Vehicle Total| Walking  Biking Transit Vehicle
Total 10 9
Home

Work

Education
Volunteer
Pickup-Dropoff
Dining/Eating
Shopping/Retail
Services
Recreational/Exercise
Residential Visit
Community/Public
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Participant 207:

Profile: Female, Hispanic, between 40-65 years old, pr&pesnish, completed less

than high school

Household Compositioidlo young children (<5), three older children (6;1Wo
adults (18-65), no seniors (>65)
Work and TransportatianNVorks at home and homemaker, two household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 21.9 91.4% 21.5 89.7% 20.9 87.1%

Outdoors 1.7 7.1% 2.3 9.6% 3.1 12.9%

In-Vehicle 0.3 1.4% 0.2 0.7% 0.0 0.0%
Travel & Mode

Not Traveling 22.8 95.0% 22.9 95.3% 23.2 96.6%

Walking 0.9 3.6% 0.9 4.0% 0.8 3.4%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 0.3 1.4% 0.2 0.7% 0.0 0.0%
Traffic Level within 200m

Low 23.6 98.5% 23.9 99.5% 24.0 100.0%

Medium 0.4 1.5% 0.1 0.5% 0.0 0.0%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 24 100.0% 24.0 100.0% 24.0 100.0%

Nearby Truck Route 0 0.0% 0.0 0.0% 0.0 0.0%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking Transit _Vehicle Total| Walking  Biking Transit Vehicle, Total| Walking  Biking Transit Vehicle,
Total 12 9 0 0 3 13 11 0 0 2 11 11 0 0 0
Home 5 4 0 0 1 6 5 0 0 1 5 5 0 0 0
Work 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Education 0 0 0 0 0 1 1 0 0 0 1 1 0 0 0
Volunteer 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pickup-Dropoff 4 4 0 0 0 4 4 0 0 0 4 4 0 0 0
Dining/Eating 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Shopping/Retail 1 0 0 0 1 1 0 0 0 1 0 0 0 0 0
Services 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0
Recreational/Exercise 1 1 0| 0 0 1 1 0| 0| 0| 1 1 0 0| 0|
Residential Visit 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Community/Public 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Participant 208:
Profile: Female, Hispanic, between 40-65 years old, pr&pesish, completed some
college
Household Compositioidlo young children (<5), one older child (6-17)uf@dults
(18-65), no seniors (>65)
Work and TransportatianNVorks away from and at home, four household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 17.7 73.9% 20.8 86.6% 20.9 87.3%

Outdoors 3 12.6% 0.8 3.5% 0.2 0.9%

In-Vehicle 3.2 13.4% 2.4 9.9% 2.8 11.8%
Travel & Mode

Not Traveling 21.4 89.1% 22.3 92.9% 22.6 94.3%

Walking 0.1 0.4% 0.0 0.0% 0.0 0.2%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 2.5 10.5% 1.7 7.1% 1.3 5.5%
Traffic Level within 200m

Low 2.7 11.2% 34 14.0% 1.7 7.2%

Medium 21.1 87.9% 19.7 81.9% 22.0 91.5%

High 0.2 0.9% 1.0 4.1% 0.3 1.3%
Truck Route within 200m

No Nearby Truck Route 22.9 95.4% 23.1 96.4% 23.9 99.4%

Nearby Truck Route 1.1 4.6% 0.9 3.6% 0.1 0.6%

Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3
Description Total| Walking  Biking Transit _Vehicle Total| Walking  Biking Transit Vehicle, Total| Walking  Biking Transit Vehicle,
Total 20 2 0| 0 18 12 0 0| 0| 12 9 1 0 0| 8|
Home 4 0| 0| 0 4 2 0 0| 0| 2 2 0 0 0| 2
Work 1 0| 0| 0 1 1 0 0| 0| 1 1 0 0 0| 1
Education 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 3| 0| 0| 0 3 4 0 0| 0| 4 1 0 0 0| 1
Dining/Eating 3| 0| 0| 0 3 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping/Retail 5| 2 0| 0 3 4 0 0| 0| 4 3 1 0 0| 2
Services 1 0| 0| 0 1 0 0 0| 0| 0| 1 0 0 0| 1
Recreational/Exercise 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Residential Visit 3| 0| 0| 0 3 1 0 0| 0| 1 1 0 0 0| 1
Community/Public 0] 0] 0] 0 0 0 0 0] 0] 0] 0 0 0 0] 0]
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Participant 209:
Profile: Female, Hispanic, between 40-65 years old, pr&pesnish, completed high
school
Household Compositioillo young children (<5), no older children (6-1ffxee adults
(18-65), no seniors (>65)
Work and TransportatianNVorks away from home fulltime / homemaker, two
household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 2 Day 3
Hours %Time Hours %Time

Microenvironment

Indoors 20.0 83.3% 20.6 85.8%

Outdoors 1.9 7.9% 2.7 11.1%

In-Vehicle 2.1 8.8% 0.7 3.1%
Travel & Mode

Not Traveling 21.9 91.2% 23.3 96.9%

Walking 0.0 0.0% 0.0 0.0%

Biking 0.0 0.0% 0.0 0.0%

Transit Travel 0.0 0.0% 0.0 0.0%

Vehicle Travel 2.1 8.8% 0.7 3.1%
Traffic Level within 200m

Low 0.6 2.7% 1.9 7.7%

Medium 21.4 89.1% 21.9 91.4%

High 2.0 8.3% 0.2 0.9%
Truck Route within 200m

No Nearby Truck Route 22.0 91.6% 21.2 88.3%

Nearby Truck Route 2.0 8.4% 2.8 11.7%

Table B. Unique Trips by Destination Type

Day 2 Day 3

Description Total| Walking  Biking Transit Vehicle Total| Walking  Biking Transit Vehicle
Total 10 10
Home

Work

Education
Volunteer
Pickup-Dropoff
Dining/Eating
Shopping/Retail
Services
Recreational/Exercise
Residential Visit
Community/Public
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Participant 210:
Profile: Female, Hispanic, between 21-39 years old, pr&pesish, completed high

school

Household CompositioiNlo young children (<5), one older child (6-17yeth adults
(18-65), no seniors (>65)
Work and TransportatiarStudent and homemaker, two household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 20.8 86.7% 20.6 85.8% 23.2 96.5%

Outdoors 14 5.7% 0.5 2.2% 0.3 1.3%

In-Vehicle 1.8 7.6% 2.9 12.1% 0.5 2.2%
Travel & Mode

Not Traveling 22.4 93.4% 21.4 89.3% 23.5 97.9%

Walking 0 0.0% 0.0 0.0% 0.0 0.0%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 1.6 6.6% 2.6 10.7% 0.5 2.1%
Traffic Level within 200m

Low 8.7 36.4% 6.6 27.6% 3.0 12.3%

Medium 13.8 57.3% 17.2 71.6% 21.0 87.7%

High 1.5 6.3% 0.2 0.8% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 22.3 93.1% 23.7 98.6% 240 100.0%

Nearby Truck Route 1.7 6.9% 0.3 1.4% 0.0 0.0%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking ~ Biking Transit Vehicle Total| Walking  Biking Transit Vehicle Total| Walking  Biking Transit Vehicle
Total 11 0| 0| 0 11 13 0 0| 0| 13 7 0 0 0| 7
Home 2 0| 0| 0 2 2 0 0| 0| 2 1 0 0 0| 1
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 0| 0| 0| 0 0 1 0 0| 0| 1 1 0 0 0| 1
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 3| 0| 0| 0 3 2 0 0| 0| 2 1 0 0 0| 1
Dining/Eating 0| 0| 0| 0 0 2 0 0| 0| 2 2 0 0 0| 2
Shopping/Retail 1 0| 0| 0 1 1 0 0| 0| 1 0 0 0 0| 0|
Services 1 0| 0| 0 1 0 0 0| 0| 0| 1 0 0 0| 1
Recreational/Exercise 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Residential Visit 4 0| 0| 0 4 5 0 0| 0| 5| 1 0 0 0| 1
Community/Public 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
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Participant 211
Profile: Female, Hispanic, over 65 years old, prefers Span@mmpleted less than high
school
Household Compositioidlo young child (<5), one older child (6-17), thieegults (18-
65), one seniors (>65)
Work and TransportatianNVorks away from home / homemaker, one housetalid c

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 224 93.3% 23.3 97.2% 22.2 92.4%

Outdoors 15 6.1% 0.4 1.8% 0.7 2.9%

In-Vehicle 0.2 0.7% 0.2 0.9% 1.1 4.7%
Travel & Mode

Not Traveling 23 96.0% 23.5 98.0% 225 93.6%

Walking 0.8 3.3% 0.3 1.0% 0.4 1.7%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 1.1 4.7%

Vehicle Travel 0.2 0.7% 0.2 0.9% 0.0 0.0%
Traffic Level within 200m

Low 24  100.0% 24.0 99.9% 21.7 90.4%

Medium 0 0.0% 0.0 0.1% 2.3 9.4%

High 0 0.0% 0.0 0.0% 0.0 0.2%
Truck Route within 200m

No Nearby Truck Route 24  100.0% 24.0 100.0% 24.0 99.8%

Nearby Truck Route 0 0.0% 0.0 0.0% 0.0 0.2%

Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3
Description Total| Walking  Biking _ Transit__Vehicle Total| Walking  Biking _Transit _Vehicle, Total| Walking  Biking _ Transit _Vehicle,
Total 8| 6| 0| 0 2 5 3 0| 0| 2 4 2 0 2 0]
Home 3| 2 0| 0 1 2 1 0| 0| 1 2 1 0 1 0|
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 1 1 0| 0 0 2 1 0| 0| 1 0 0 0 0| 0|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Dining/Eating 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping/Retail 3| 2 0| 0 1 0 0 0| 0| 0| 2 1 0 1 0|
Services 1 1 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Recreational/Exercise 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0
Residential Visit 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Community/Public 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|

127



Participant 212:

Profile: Female, Hispanic, between 40-65 years old, pr&pesnish, completed less

than high school

Household Compositiorfwo young children (<5), four older children (6)1ibur
adults (18-65), no seniors (>65)
Work and TransportatiarStudent / working / homemaker, one household car

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and

Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 22.6 94.0% 24.0 100.0% 23.1 96.4%

Outdoors 0.9 3.6% 0.0 0.0% 0.9 3.6%

In-Vehicle 0.6 2.4% 0.0 0.0% 0.0 0.0%
Travel & Mode

Not Traveling 22.9 95.3% 24.0 100.0% 23.2 96.6%

Walking 0.5 2.3% 0.0 0.0% 0.8 3.4%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0.6 2.4% 0.0 0.0% 0.0 0.0%

Vehicle Travel 0 0.0% 0.0 0.0% 0.0 0.0%
Traffic Level within 200m

Low 23.7 98.7% 24.0 100.0% 240 100.0%

Medium 0.3 1.3% 0.0 0.0% 0.0 0.0%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 23.9 99.4% 24.0 100.0% 240 100.0%

Nearby Truck Route 0.1 0.6% 0.0 0.0% 0.0 0.0%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking Transit _Vehicle Total| Walking  Biking Transit Vehicle, Total| Walking  Biking Transit Vehicle,
Total 9| 7 0| 2 0 0 0 0| 0| 0| 4 4 0 0| 0|
Home 4 3| 0| 1 0 0 0 0| 0| 0| 2 2 0 0| 0|
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 3| 2 0| 1 0 0 0 0| 0| 0| 0 0 0 0| 0|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 1 1 0| 0 0 0 0 0| 0| 0| 2 2 0 0| 0|
Dining/Eating 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping/Retail 1 1 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Services 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Recreational/Exercise 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Residential Visit 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Community/Public 0] 0] 0] 0 0 0 0 0] 0| 0] 0 0 0 0| 0]
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Participant 213:
Profile: Female, Hispanic, between 40-65 years old, pr&pesnish, completed high

school

Household Compositioidlo young children (<5), one older child (6-17)uf@dults
(18-65), no seniors (>65)
Work and TransportatianNVorks away from home fulltime, one household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and

Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 23.7 98.6% 23.7 98.7% 24.0 100.0%

Outdoors 0.2 0.6% 0.1 0.3% 0.0 0.0%

In-Vehicle 0.2 0.7% 0.2 0.9% 0.0 0.0%
Travel & Mode

Not Traveling 23.7 98.9% 23.7 98.9% 24.0 100.0%

Walking 0.1 0.4% 0.0 0.2% 0.0 0.0%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 0.2 0.7% 0.2 0.9% 0.0 0.0%
Traffic Level within 200m

Low 15.3 63.7% 15.2 63.5% 24.0 100.0%

Medium 8.7 36.3% 8.8 36.5% 0.0 0.0%

High 0 0.1% 0.0 0.1% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 151 63.0% 151 63.1% 24.0 100.0%

Nearby Truck Route 8.9 37.0% 8.9 36.9% 0.0 0.0%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking _Transit _Vehicle Total| Walking  Biking _Transit _Vehicle, Total| Walking  Biking _Transit _Vehicle,
Total 3 1 0 0 2 3 1 0 0 2 0 0 0 0 0
Home 2 1 0 0 1 1 0 0 0 1 0 0 0 0 0
Work 1 0 0 0 1 1 0 0 0 1 0 0 0 0 0
Education 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Volunteer 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pickup-Dropoff 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Dining/Eating 0 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping/Retail 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Services 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Recreational/Exercise 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Residential Visit 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0
Community/Public 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Participant 214:
Profile: Female, Hispanic, over 65 years old, prefers Engiempleted some college
Household Compositioidlo young children (<5), one older child (6-17)ptadults
(18-65), no seniors (>65)
Work and TransportatianNVorks away from home part time, no household car

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2
Hours %Time Hours %Time

Microenvironment

Indoors 21.9 91.1% 21.4 89.2%

Outdoors 1.4 5.9% 15 6.3%

In-Vehicle 0.7 3.1% 1.1 4.5%
Travel & Mode

Not Traveling 22.2 92.6% 22.3 92.9%

Walking 1 4.3% 0.6 2.5%

Biking 0 0.0% 0.0 0.0%

Transit Travel 0.7 3.1% 0.9 3.8%

Vehicle Travel 0 0.0% 0.2 0.8%
Traffic Level within 200m

Low 23 95.7% 22.3 93.0%

Medium 0.8 3.4% 1.4 5.9%

High 0.2 0.9% 0.3 1.1%
Truck Route within 200m

No Nearby Truck Route 235 97.8% 22.4 93.5%

Nearby Truck Route 0.5 2.2% 1.6 6.5%

Table B. Unique Trips by Destination Type

Day 1 Day 2
Description Total| Walking  Biking Transit Vehicle Total| Walking  Biking Transit Vehicle
Total 7 5 0 2 0 9 4 0 3 2
Home 1 1 0 0 0 1 1 0 0 0
Work 3 2 0 1 0 3 1 0 1 1
Education 0 0 0 0 0 0 0 0 0 0
Volunteer 0 0 0 0 0 0 0 0 0 0
Pickup-Dropoff 0 0 0 0 0 0 0 0 0 0
Dining/Eating 0 0 0 0 0 1 0 0 0 1
Shopping/Retail 0 0 0 0 0 0 0 0 0 0
Services 0 0 0 0 0 0 0 0 0 0
Recreational/Exercise 0 0 0 0 0 0 0 0 0 0
Residential Visit 3 2 0 1 0 4 2 0 2 0
Community/Public 0 0 0 0 0 0 0 0 0 0
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Participant 215:
Profile: Male, Non-Hispanic, between 40-65 years old, psekarglish, completed
some college
Household CompositioiNlo young children (<5), no older children (6-1p adults
(18-65), no seniors (>65)
Work and TransportatiarLooking for work, no household car

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 22.4 93.2% 20.9 87.3% 225 93.6%

Outdoors 0.3 1.1% 0.7 2.9% 0.3 1.3%

In-Vehicle 1.4 5.7% 2.4 9.8% 1.2 5.2%
Travel & Mode

Not Traveling 22.8 95.0% 21.8 90.8% 22.8 94.9%

Walking 0 0.0% 0.0 0.0% 0.0 0.0%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 1.2 5.0% 2.2 9.2% 1.2 5.1%
Traffic Level within 200m

Low 23.2 96.6% 22.4 93.2% 225 93.6%

Medium 0.4 1.7% 0.8 3.3% 11 4.5%

High 0.4 1.7% 0.8 3.5% 0.5 1.9%
Truck Route within 200m

No Nearby Truck Route 23.7 98.8% 23.2 96.8% 23.7 98.6%

Nearby Truck Route 0.3 1.2% 0.8 3.2% 0.3 1.4%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking Transit _Vehicle Total| Walking  Biking Transit Vehicle, Total| Walking  Biking Transit Vehicle,
Total 5| 0| 0| 0 5 11 0 0| 0| 11 7 0 0 0| 7
Home 2 0| 0| 0 2 3 0 0| 0| 3| 3 0 0 0| 3|
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 1 0 0 0| 1
Pickup-Dropoff 2 0| 0| 0 2 2 0 0| 0| 2 2 0 0 0| 2
Dining/Eating 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping/Retail 0| 0| 0| 0 0 2 0 0| 0| 2 1 0 0 0| 1
Services 1 0| 0| 0 1 4 0 0| 0| 4 0 0 0 0| 0|
Recreational/Exercise 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Residential Visit 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Community/Public 0] 0] 0] 0 0 0 0 0] 0| 0] 0 0 0 0| 0]
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Participant 216:
Profile: Female, Hispanic, between 21-39 years old, pr&pesish, completed some
college
Household Compositior®ne young child (<5), one older child (6-17), tadults (18-
65), no seniors (>65)
Work and TransportatiarStudent without working, two household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 21.8 90.8% 18.1 75.3% 20.5 85.6%

Outdoors 0.7 2.9% 4.4 18.3% 2.1 8.6%

In-Vehicle 1.5 6.3% 1.5 6.4% 1.4 5.8%
Travel & Mode

Not Traveling 22.8 94.9% 225 93.9% 22.4 93.2%

Walking 0 0.0% 0.3 1.4% 0.4 1.6%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 1.2 5.1% 1.1 4.8% 1.3 5.2%
Traffic Level within 200m

Low 20.1 83.9% 235 98.0% 23.0 95.7%

Medium 0.3 1.3% 0.4 1.7% 0.8 3.3%

High 3.6 14.8% 0.1 0.3% 0.2 1.0%
Truck Route within 200m

No Nearby Truck Route 19.2 80.1% 23.8 99.1% 23.4 97.7%

Nearby Truck Route 4.8 19.9% 0.2 0.9% 0.6 2.3%

Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking Transit _Vehicle Total| Walking  Biking Transit Vehicle, Total| Walking  Biking Transit Vehicle,
Total 8| 0| 0| 0 8 10 2 0| 0| 8| 9 2 0 0|

Home 3| 0| 0| 0 3 3 1 0| 0| 2 3 1 0 0| 2
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 0| 0| 0| 0 0 0 0 0| 0| 0| 1 0 0 0| 1
Volunteer 0| 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pickup-Dropoff 2 0| 0| 0 2 1 0 0 0 1 1 0 0 0 1
Dining/Eating 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping/Retail 2 0| 0| 0 2 3 1 0| 0| 2 2 0 0 0| 2
Services 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Recreational/Exercise 0 0 0 0 0 1 0 0 0 1 1 1 0 0 0
Residential Visit 1 0| 0| 0 1 2 0 0| 0| 2 1 0 0 0| 1
Community/Public 0] 0] 0] 0 0 0 0 0] 0] 0] 0 0 0 0] 0]
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Participant 217:

Profile: Female, Hispanic, between 40-65 years old, pr&pesnish, completed less

than high school

Household CompositioiNlo young children (<5), one older child (6-17)ptadults
(18-65), no seniors (>65)
Work and TransportatiariVolunteer / homemaker / student, one househalsl ca

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 22.8 95.0% 24.0 100.0% 23.6 98.4%

Outdoors 0.3 1.1% 0.0 0.0% 0.3 1.3%

In-Vehicle 0.9 3.9% 0.0 0.0% 0.1 0.3%
Travel & Mode

Not Traveling 23.1 96.3% 24.0 100.0% 23.8 99.0%

Walking 0 0.0% 0.0 0.0% 0.2 0.7%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 0.9 3.6% 0.0 0.0% 0.1 0.3%
Traffic Level within 200m

Low 20.8 86.6% 24.0 100.0% 23.8 99.0%

Medium 3.2 13.4% 0.0 0.0% 0.2 1.0%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 23.9 99.5% 24.0 100.0% 24.0 100.0%

Nearby Truck Route 0.1 0.5% 0.0 0.0% 0.0 0.0%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking Transit _Vehicle Total| Walking  Biking Transit Vehicle, Total| Walking  Biking Transit Vehicle,
Total 7 0| 0| 0 7 0 0 0| 0| 0| 4 2 0 0| 2
Home 2 0| 0| 0 2 0 0 0| 0| 0| 2 1 0 0| 1
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 0| 0| 0| 0 0 0 0 0| 0| 0| 2 1 0 0| 1
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 1 0| 0| 0 1 0 0 0| 0| 0| 0 0 0 0| 0|
Dining/Eating 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping/Retail 3| 0| 0| 0 3 0 0 0| 0| 0| 0 0 0 0| 0|
Services 1 0| 0| 0 1 0 0 0| 0| 0| 0 0 0 0| 0|
Recreational/Exercise 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Residential Visit 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Community/Public 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
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Participant 218:

Profile: Female, Hispanic, between 21-39 years old, pré&agdish, completed high

school

Household Compositioidlo young child (<5), four older children (6-17yeadults
(18-65), no seniors (>65)
Work and TransportatianNVorks at home and office, two household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 3
Hours %Time Hours %Time

Microenvironment

Indoors 18.8 78.2% 17.0 70.7%

Outdoors 1.3 5.3% 0.5 2.1%

In-Vehicle 4 16.5% 6.5 27.2%
Travel & Mode

Not Traveling 21.3 88.7% 22.6 94.2%

Walking 0 0.0% 0.0 0.0%

Biking 0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0%

Vehicle Travel 2.7 11.3% 1.4 5.8%
Traffic Level within 200m

Low 21.5 89.7% 21.9 91.2%

Medium 2.5 10.3% 2.1 8.8%

High 0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 23.6 98.2% 23.7 98.7%

Nearby Truck Route 0.4 1.8% 0.3 1.3%
Table B. Unique Trips by Destination Type

Day 1 Day 3

Description Total| Walking  Biking Transit Vehicle Total| Walking  Biking Transit Vehicle
Total 15 0 0 0 15 10 0 0 0 10
Home 3 0 0 0 3 3 0 0 0 3
Work 0 0 0 0 0 0 0 0 0 0
Education 2 0 0 0 2 0 0 0 0 0
Volunteer 0 0 0 0 0 0 0 0 0 0
Pickup-Dropoff 7 0 0 0 7 3 0 0 0 3
Dining/Eating 1 0 0 0 1 0 0 0 0 0
Shopping 0 0 0 0 0 2 0 0 0 2
Services 1 0 0 0 1 1 0 0 0 1
Recreational/Exercise 0 0 0 0 0 0 0 0 0 0
Residential Visit 1 0 0 0 1 1 0 0 0 1
Community/Public 0 0 0 0 0 0 0 0 0 0

134




Participant 219:

Profile: Female, Non-Hispanic, between 21-39 years oldepseEnglish, completed

B.A. or higher

Household CompositioiNlo young children (<5), no older children (6-1p adults
(18-65), no seniors (>65)
Work and TransportatiarStudent and working, two household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2
Hours %Time Hours %Time

Microenvironment

Indoors 21.2 88.2% 18.6 77.3%

Outdoors 0.3 1.4% 0.7 2.8%

In-Vehicle 2.5 10.4% 4.8 19.9%
Travel & Mode

Not Traveling 21.6 89.8% 19.2 80.1%

Walking 0 0.0% 0.0 0.0%

Biking 0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0%

Vehicle Travel 2.4 10.2% 4.8 19.9%
Traffic Level within 200m

Low 10.2 42.6% 9.4 39.1%

Medium 13.5 56.2% 11.2 46.5%

High 0.3 1.1% 3.4 14.4%
Truck Route within 200m

No Nearby Truck Route 23.7 98.9% 23.7 98.7%

Nearby Truck Route 0.3 1.1% 0.3 1.3%
Table B. Unique Trips by Destination Type

Day 1 Day 2

Description Total| Walking  Biking Transit Vehicle Total| Walking  Biking Transit Vehicle
Total 6 0 0 0 6 13 0 0 0 13
Home 2 0 0 0 2 1 0 0 0 1
Work 2 0 0 0 2 2 0 0 0 2
Education 0 0 0 0 0 0 0 0 0 0
Volunteer 0 0 0 0 0 0 0 0 0 0
Pickup-Dropoff 0 0 0 0 0 0 0 0 0 0
Dining/Eating 2 0 0 0 2 3 0 0 0 3
Shopping/Retail 0 0 0 0 0 2 0 0 0 2
Services 0 0 0 0 0 1 0 0 0 1
Recreational/Exercise 0 0 0 0 0 0 0 0 0 0
Residential Visit 0 0 0 0 0 4 0 0 0 4
Community/Public 0 0 0 0 0 0 0 0 0 0
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Participant 220:

Profile: Female, Hispanic, between 21-39 years old, pré&agdish, completed some

college

Household CompositioiNlo young children (<5), no older children (6-1p adults
(18-65), no seniors (>65)
Work and TransportatiarStudent without working, two household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 22.6 94.3% 19.3 80.4% 22.2 92.4%

Outdoors 0.8 3.3% 35 14.6% 0.8 3.3%

In-Vehicle 0.6 2.4% 1.2 5.0% 1.0 4.3%
Travel & Mode

Not Traveling 23.3 97.0% 23.2 96.5% 23.1 96.4%

Walking 0.1 0.5% 0.0 0.0% 0.0 0.0%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 0.6 2.4% 0.8 3.5% 0.9 3.6%
Traffic Level within 200m

Low 22.2 92.5% 15.0 62.5% 17.2 71.5%

Medium 1.8 7.5% 9.0 37.5% 6.8 28.5%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 24 100.0% 24.0 100.0% 24.0 100.0%

Nearby Truck Route 0 0.0% 0.0 0.0% 0.0 0.0%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking _ Transit_Vehicle Total| Walking  Biking _Transit _Vehicle, Total| Walking  Biking _ Transit _Vehicle,
Total 9| 4 0| 0 5 8 0 0| 0| 8| 6 0 0 0| 6|
Home 4 2 0| 0 2 3 0 0| 0| 3| 2 0 0 0| 2
Work 0 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 0 0| 0| 0 0 3 0 0| 0| 3| 3 0 0 0| 3|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 0| 0| 0| 0 0 1 0 0| 0| 1 0 0 0 0| 0|
Dining/Eating 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping/Retail 5| 2 0| 0 3 1 0 0| 0| 1 0 0 0 0| 0|
Services 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Recreational/Exercise 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Residential Visit 0| 0| 0| 0 0 0 0 0| 0| 0| 1 0 0 0| 1
Community/Public 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
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Participant 221

Profile: Female, Hispanic, between 21-39 years old, pr&pesnish, completed less

than high school

Household Compositior®ne young child (<5), one older children (6-1%yee adults
(18-65), no seniors (>65)
Work and TransportatianNVorks at home / homemaker, one household car

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 23.1 96.3% 22.7 94.7% 23.7 98.6%

Outdoors 0.7 2.9% 0.5 2.2% 0.1 0.6%

In-Vehicle 0.2 0.8% 0.7 3.1% 0.2 0.8%
Travel & Mode

Not Traveling 23.6 98.4% 23.5 97.7% 23.8 99.2%

Walking 0.2 1.0% 0.1 0.2% 0.0 0.0%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 0.2 0.7% 0.5 2.0% 0.2 0.8%
Traffic Level within 200m

Low 24 100.0% 24.0 100.0% 24.0 100.0%

Medium 0 0.0% 0.0 0.0% 0.0 0.0%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 24 100.0% 23.6 98.3% 24.0 100.0%

Nearby Truck Route 0 0.0% 0.4 1.7% 0.0 0.0%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking _ Transit__Vehicle Total| Walking  Biking _Transit _Vehicle, Total| Walking  Biking _ Transit _Vehicle,
Total 4 2 0| 0 2 6 1 0| 0| 5| 1 0 0 0| 1
Home 0| 0| 0| 0 0 1 0 0| 0| 1 0 0 0 0| 0|
Work 2 1 0| 0 1 3 1 0| 0| 2 1 0 0 0| 1
Education 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Volunteer 1 0| 0| 0 1 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 1 1 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Dining/Eating 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Services 0| 0| 0| 0 0 2 0 0| 0| 2 0 0 0 0| 0|
Recreational/Exercise 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Residential Visit 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Community/Public 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
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Participant 223:
Profile: Female, Hispanic, between 40-65 years old, pr&pesish, completed some
college
Household Compositiomllo young children (<5), four older children (6-1&yo adults
(18-65), no seniors (>65)
Work and TransportatiarStudent / homemaker, one household car

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 24  100.0% 21.0 87.4% 22.3 92.7%

Outdoors 0 0.0% 25 10.3% 1.1 4.7%

In-Vehicle 0 0.0% 0.6 2.3% 0.6 2.5%
Travel & Mode

Not Traveling 24  100.0% 21.8 90.8% 22.8 95.1%

Walking 0 0.0% 1.7 7.2% 0.6 2.3%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 0 0.0% 0.5 2.0% 0.6 2.5%
Traffic Level within 200m

Low 24  100.0% 21.7 90.4% 19.9 83.1%

Medium 0 0.0% 2.3 9.6% 4.0 16.9%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 0 0.0% 5.3 22.2% 0.6 2.5%

Nearby Truck Route 24  100.0% 18.7 77.8% 23.4 97.5%

Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3
Description Total| Walking  Biking Transit _Vehicle Total| Walking  Biking Transit Vehicle, Total| Walking  Biking Transit Vehicle,
Total 0| 0| 0| 0 0 12 7 0| 0| 5| 8 3 0 0| 5|
Home 0| 0| 0| 0 0 3 2 0| 0| 1 3 1 0 0| 2
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 0| 0| 0| 0 0 3 2 0 0 1 0 0 0 0 0
Volunteer 0| 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pickup-Dropoff 0| 0| 0| 0 0 1 0 0| 0| 1 0 0 0 0| 0|
Dining/Eating 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping 0 0 0 0 0 2 1 0 0 1 2 1 0 0 1
Services 0| 0| 0| 0 0 2 2 0| 0| 0| 3 1 0 0| 2
Recreational/Exercise 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Residential Visit 0| 0| 0| 0 0 1 0 0| 0| 1 0 0 0 0| 0|
Community/Public 0] 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Participant 224:
Profile: Female, Hispanic, between 21-39 years old, pré&agdish, completed B.A. or
higher
Household Compositioillo young children (<5), no older children (6-1ffxee adults
(18-65), no seniors (>65)
Work and TransportatianNVorks away from home full time, seven househaisc

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 2 Day 3
Hours %Time Hours %Time

Microenvironment

Indoors 22.6 94.1% 21.2 88.5%

Outdoors 0.5 2.0% 0.2 0.7%

In-Vehicle 0.9 3.9% 2.6 10.9%
Travel & Mode

Not Traveling 22.8 94.8% 21.6 89.9%

Walking 0.3 1.4% 0.0 0.0%

Biking 0.0 0.0% 0.0 0.0%

Transit Travel 0.0 0.0% 0.0 0.0%

Vehicle Travel 0.9 3.8% 2.4 10.1%
Traffic Level within 200m

Low 0.8 3.5% 3.8 15.9%

Medium 225 93.8% 20.0 83.4%

High 0.7 2.7% 0.2 0.8%
Truck Route within 200m

No Nearby Truck Route 23.3 97.2% 23.8 99.4%

Nearby Truck Route 0.7 2.8% 0.2 0.6%

Table B. Unique Trips by Destination Type

Day 2 Day 3
Description Total| Walking  Biking Transit Vehicle Total| Walking  Biking Transit Vehicle
Total 8 2 0 0 6 4 0 0 0 4
Home 2 0 0 0 2 2 0 0 0 2
Work 2 1 0 0 1 1 0 0 0 1
Education 0 0 0 0 0 0 0 0 0 0
Volunteer 0 0 0 0 0 0 0 0 0 0
Pickup-Dropoff 0 0 0 0 0 0 0 0 0 0
Dining/Eating 1 0 0 0 1 0 0 0 0 0
Shopping 3 1 0 0 2 0 0 0 0 0
Services 0 0 0 0 0 0 0 0 0 0
Recreational/Exercise 0 0 0 0 0 0 0 0 0 0
Residential Visit 0 0 0 0 0 1 0 0 0 1
Community/Public 0 0 0 0 0 0 0 0 0 0
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Participant 225:

Profile: Female, Hispanic, between 40-65 years old, pr&pesnish, completed less

than high school

Household Compositioidlo young children (<5), two older children (6-1iree
adults (18-65), no seniors (>65)
Work and TransportatianNVorks at home / homemaker, one household car

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 20.6 85.8% 23.1 96.3% 23.1 96.1%

Outdoors 1.8 7.6% 0.9 3.7% 0.9 3.9%

In-Vehicle 1.6 6.6% 0.0 0.0% 0.0 0.0%
Travel & Mode

Not Traveling 20.9 87.2% 23.2 96.8% 23.1 96.4%

Walking 1.7 7.1% 0.8 3.2% 0.9 3.6%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 1.4 5.7% 0.0 0.0% 0.0 0.0%
Traffic Level within 200m

Low 23.3 97.0% 24.0 100.0% 24.0 100.0%

Medium 0.7 3.0% 0.0 0.0% 0.0 0.0%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 23.7 98.9% 24.0 100.0% 24.0 100.0%

Nearby Truck Route 0.3 1.1% 0.0 0.0% 0.0 0.0%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking Transit _Vehicle Total| Walking  Biking Transit Vehicle, Total| Walking  Biking Transit _Vehicle,
Total 12 6| 0| 0 6 6 6 0| 0| 0| 5 5 0 0| 0|
Home 5| 3| 0| 0 2 2 2 0| 0| 0| 2 2 0 0| 0|
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 1 1 0| 0 0 1 1 0| 0| 0| 1 1 0 0| 0|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 1 1 0| 0 0 1 1 0| 0| 0| 1 1 0 0| 0|
Dining/Eating 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping 2 0 0 0 2 1 1 0 0 0 1 1 0 0 0
Services 3| 1 0| 0 2 1 1 0| 0| 0| 0 0 0 0| 0|
Recreational/Exercise 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Residential Visit 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Community/Public 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
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Participant 226:

Profile: Male, Hispanic, between 21-39 years old, prefergligin, completed high

school

Household CompositioiNlo young children (<5), one older child (6-17)ptadults
(18-65), no seniors (>65)
Work and TransportatiarHomemaker or works at home, one household car

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 2 Day 3
Hours %Time Hours %Time

Microenvironment

Indoors 19.0 79.1% 19.4 80.9%

Outdoors 3.1 12.9% 2.4 10.1%

In-Vehicle 1.9 8.1% 2.2 9.0%
Travel & Mode

Not Traveling 22.1 92.1% 21.9 91.4%

Walking 0.0 0.0% 0.0 0.0%

Biking 0.0 0.0% 0.0 0.0%

Transit Travel 0.0 0.0% 0.0 0.0%

Vehicle Travel 1.9 7.9% 2.1 8.6%
Traffic Level within 200m

Low 20.7 86.3% 20.5 85.5%

Medium 3.2 13.2% 3.0 12.6%

High 0.1 0.5% 0.5 2.0%
Truck Route within 200m

No Nearby Truck Route 23.2 96.9% 23.1 96.2%

Nearby Truck Route 0.8 3.1% 0.9 3.8%
Table B. Unique Trips by Destination Type

Day 2 Day 3

Description Total| Walking| Biking[ Transit| Vehicle Total| Walking| Biking| Transit| Vehicle
Total 16 0 0 0 16 13 0 0 0 13
Home 6 0 0 0 6 5 0 0 0 5
Work 0 0 0 0 0 0 0 0 0 0
Education 0 0 0 0 0 0 0 0 0 0
Volunteer 0 0 0 0 0 0 0 0 0 0
Pickup-Dropoff 1 0 0 0 1 2 0 0 0 2
Dining/Eating 0 0 0 0 0 0 0 0 0 0
Shopping/Retail 3 0 0 0 3 0 0 0 0 0
Services 1 0 0 0 1 2 0 0 0 2
Recreational/Exercise 0 0 0 0 0 0 0 0 0 0
Residential Visit 1 0 0 0 1 0 0 0 0 0
Community/Public 4 0 0 0 4 4 0 0 0 4
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Participant 227:

Profile: Female, Hispanic, between 40-65 years old, pr&pesnish, completed less

than high school

Household Compositior®ne young children (<5), three older children @®;1wo
adults (18-65), no seniors (>65)
Work and TransportatianNVorks at home / homemaker, one household car

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 22.8 95.2% 23.1 96.1% 22.0 91.6%

Outdoors 1.2 4.8% 0.9 3.9% 2.0 8.4%

In-Vehicle 0 0.0% 0.0 0.0% 0.0 0.0%
Travel & Mode

Not Traveling 23.3 96.9% 23.1 96.4% 22.6 94.1%

Walking 0.7 3.1% 0.9 3.6% 1.4 5.9%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 0 0.0% 0.0 0.0% 0.0 0.0%
Traffic Level within 200m

Low 24 100.0% 24.0 100.0% 24.0 100.0%

Medium 0 0.0% 0.0 0.0% 0.0 0.0%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 24 100.0% 24.0 100.0% 22.4 93.4%

Nearby Truck Route 0 0.0% 0.0 0.0% 1.6 6.6%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking Transit _Vehicle Total| Walking  Biking Transit Vehicle, Total| Walking  Biking Transit _Vehicle,
Total 8| 8| 0| 0 0 8 8 0| 0| 0| 14 14 0 0| 0|
Home 3| 3| 0| 0 0 4 4 0| 0| 0| 2 2 0 0| 0|
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Volunteer 1 1 0| 0 0 1 1 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 1 1 0| 0 0 3 3 0| 0| 0| 1 1 0 0| 0|
Dining/Eating 0| 0| 0| 0 0 0 0 0| 0| 0| 1 1 0 0| 0|
Shopping 2 2 0| 0 0 0 0 0| 0| 0| 4 4 0 0| 0|
Services 1 1 0| 0 0 0 0 0| 0| 0| 2 2 0 0| 0|
Recreational/Exercise 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Residential Visit 0| 0| 0| 0 0 0 0 0| 0| 0| 4 4 0 0| 0|
Community/Public 0] 0] 0] 0 0 0 0 0| 0] 0| 0 0 0 0| 0|
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Participant 228:

Profile: Male, Hispanic, between 40-65 years old, prefergligm, completed some

college

Household CompositioiNlo young children (<5), no older children (6-1@je adult

(18-65), no seniors (>65)

Work and TransportatianNVorks at home / homemaker, no household car

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 20.7 86.1% 21.3 88.8% 19.2 80.1%

Outdoors 3.3 13.9% 1.5 6.2% 4.8 19.9%

In-Vehicle 0 0.0% 1.2 5.0% 0.0 0.0%
Travel & Mode

Not Traveling 22.2 92.3% 22.0 91.8% 22.0 91.8%

Walking 0.9 3.6% 0.8 3.2% 0.2 0.7%

Biking 1 4.1% 0.0 0.0% 1.8 7.5%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 0 0.0% 1.2 5.0% 0.0 0.0%
Traffic Level within 200m

Low 23.9 99.7% 23.8 99.2% 24.0 100.0%

Medium 0.1 0.3% 0.2 0.8% 0.0 0.0%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 2.6 10.7% 2.7 11.1% 3.2 13.2%

Nearby Truck Route 21.4 89.3% 21.3 88.9% 20.8 86.8%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking Transit Vehicle| Total| Walking  Biking Transit Vehicle Total| Walking  Biking Transit Vehicle
Total 14 4 10, 0 0| 10 6 0| 0 4 21 4 17 0| 0
Home 4 1 3| 0 0| 2 2 0| 0 0 3| 0 3 0| 0
Work 4 0| 4 0 0| 3| 1 0| 0 2 9 0 9 0| 0
Education 0 0| 0| 0 0| 0| 0 0| 0 0 0| 0 0 0| 0
Volunteer 0 0| 0| 0 0| 0 0 0| 0 0 0 0 0 0| 0
Pickup-Dropoff 0 0 0 0 0 1 1 0 0 0 0| 0 0 0 0
Dining/Eating 0 0| 0| 0 0| 0| 0 0| 0 0 0| 0 0 0| 0
Shopping 4 1 3 0 0 1 0 0 0 1 1 0 1 0 0
Services 0 0| 0| 0 0| 0| 0 0| 0 0 0| 0 0 0| 0
Recreational/Exercise 1 1 0| 0 0| 0| 0 0| 0 0 0| 0 0 0| 0
Residential Visit 1 1 0| 0 0| 3| 2 0| 0 1 8| 4 4 0| 0
Communitx/Public 0 0| 0| 0 0| 0| 0 0| 0 0 0| 0 0 0| 0
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Participant 300:
Profile: Female, Hispanic, between 21-39 years old, pr&pesish, completed high
school
Household Compositior®ne young child (<5), two older children (6-1%yotadults
(18-65), no seniors (>65)
Work and TransportatianNVorks away from home part time / homemaker, two
household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 20.7 86.4% 20.9 87.3% 21.0 87.4%

Outdoors 0.7 2.9% 0.9 3.9% 0.4 1.6%

In-Vehicle 2.6 10.7% 2.1 8.8% 2.6 10.9%
Travel & Mode

Not Traveling 225 93.7% 225 93.6% 224 93.4%

Walking 0 0.0% 0.0 0.0% 0.0 0.0%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 1.5 6.3% 1.5 6.4% 1.6 6.6%
Traffic Level within 200m

Low 23.4 97.5% 23.6 98.2% 21.9 91.4%

Medium 0 0.0% 0.0 0.2% 1.7 6.9%

High 0.6 2.5% 0.4 1.6% 0.4 1.7%
Truck Route within 200m

No Nearby Truck Route 23 95.8% 23.1 96.3% 22.0 91.6%

Nearby Truck Route 1 4.2% 0.9 3.7% 2.0 8.4%

Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3
Description Total| Walking  Biking _ Transit _Vehicle Total| Walking  Biking _Transit _Vehicle, Total| Walking  Biking _Transit _Vehicle,
Total 21 0| 0| 0 19 16 0 0| 0| 16 21 0 0 0| 21
Home 5| 0| 0| 0 5 5 0 0| 0| 5| 5 0 0 0| 5|
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 0| 0| 0| 0 0 1 0 0| 0| 1 0 0 0 0| 0|
Volunteer 0| 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pickup-Dropoff 5| 0| 0| 0 5 4 0 0| 0| 4 5 0 0 0| 5|
Dining/Eating 3| 0| 0| 0 3 1 0 0| 0| 1 2 0 0 0| 2
Shopping/Retail 1 0| 0| 0 1 4 0 0| 0| 4 4 0 0 0| 4
Services 3| 0| 0| 0 3 1 0 0| 0| 1 2 0 0 0| 2
Recreational/Exercise 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Residential Visit 2 0| 0| 0 2 0 0 0| 0| 0| 3 0 0 0| 3|
Community/Public 2 0| 0| 0 2 2 0 0| 0| 2 0 0 0 0| 0|
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Participant 301:
Profile: Female, Hispanic, between 40-65 years old, pr&pesish, completed some
college
Household CompositioiNlo young children (<5), no older children (6-1p adults
(18-65), no seniors (>65)
Work and TransportatianNVorks away from home / student, one household car

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2
Hours %Time Hours %Time

Microenvironment

Indoors 0 0.0% 0.0 0.0%

Outdoors 23.3 97.1% 23.7 98.7%

In-Vehicle 0.3 1.4% 0.3 1.3%
Travel & Mode

Not Traveling 0.3 1.5% 0.0 0.0%

Walking 235 98.0% 23.7 98.7%

Biking 0.1 0.6% 0.3 1.3%

Transit Travel 0 0.0% 0.0 0.0%

Vehicle Travel 0.2 0.9% 0.0 0.0%
Traffic Level within 200m

Low 0.1 0.5% 0.0 0.0%

Medium 14.7 61.2% 24.0 100.0%

High 9.3 38.8% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 0 0.0% 0.0 0.0%

Nearby Truck Route 23.9 99.6% 23.8 99.1%

Table B. Unique Trips by Destination Type

Day 1 Day 2
Description Total| Walking  Biking Transit Vehicle Total| Walking  Biking Transit Vehicle
Total 4 2 0 1 1 3 3 0 0 0
Home 1 0 0 0 1 1 1 0 0 0
Work 2 1 0 1 0 0 0 0 0 0
Education 1 1 0 0 0 0 0 0 0 0
Volunteer 0 0 0 0 0 0 0 0 0 0
Pickup-Dropoff 0 0 0 0 0 0 0 0 0 0
Dining/Eating 0 0 0 0 0 0 0 0 0 0
Shopping 0 0 0 0 0 1 1 0 0 0
Services 0 0 0 0 0 1 1 0 0 0
Recreational/Exercise 0 0 0 0 0 0 0 0 0 0
Residential Visit 0 0 0 0 0 0 0 0 0 0
Community/Public 0 0 0 0 0 0 0 0 0 0
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Participant 302:
Profile: Female, Hispanic, between 40-65 years old, pr&pesnish, completed less
than high school
Household Compositior®ne young child (<5), three older children (6-1W adults
(18-65), no seniors (>65)
Work and TransportatianNVorks at home / homemaker / volunteer, two hookkbars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 23 95.8% 22.6 94.1% 21.5 89.4%

Outdoors 1 4.1% 1.3 5.4% 2.5 10.6%

In-Vehicle 0 0.2% 0.1 0.5% 0.0 0.0%
Travel & Mode

Not Traveling 23.2 96.7% 23.4 97.4% 23.2 96.9%

Walking 0.8 3.1% 0.5 2.0% 0.8 3.1%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 0 0.1% 0.1 0.5% 0.0 0.0%
Traffic Level within 200m

Low 24  100.0% 240 100.0% 24.0 100.0%

Medium 0 0.0% 0.0 0.0% 0.0 0.0%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 24  100.0% 23.5 98.0% 24.0 100.0%

Nearby Truck Route 0 0.0% 0.5 2.0% 0.0 0.0%

Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3
Description Total| Walking  Biking Transit _Vehicle Total| Walking  Biking Transit Vehicle, Total| Walking  Biking Transit Vehicle,
Total 6| 0| 0 1 5 2 0| 0| 3| 7 7 0 0| 0|
Home 2 1 0| 0 1 2 1 0| 0| 1 3 3 0 0| 0|
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 1 1 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 1 1 0| 0 0 1 1 0| 0| 0| 2 2 0 0| 0|
Dining/Eating 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping 1 1 0 0 0 1 0 0 0 1 0 0 0 0 0
Services 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Recreational/Exercise 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0
Residential Visit 1 1 0| 0 0 1 0 0| 0| 1 0 0 0 0| 0|
Community/Public 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
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Participant 303:

Profile: Female, Hispanic, between 40-65 years old, pr&pesnish, completed less

than high school

Household Compositior®ne young child (<5), two older children (6-1%yotadults
(18-65), no seniors (>65)

Work and TransportatianNVorks at home / homemaker, one household car

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 3
Hours %Time Hours %Time

Microenvironment

Indoors 22.5 93.6% 20.2 84.2%

Outdoors 1.1 4.6% 2.0 8.4%

In-Vehicle 0.4 1.8% 1.8 7.4%
Travel & Mode

Not Traveling 23 95.9% 21.8 90.8%

Walking 0.8 3.3% 0.6 2.7%

Biking 0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0%

Vehicle Travel 0.2 0.9% 1.6 6.5%
Traffic Level within 200m

Low 24  100.0% 221 92.1%

Medium 0 0.0% 0.8 3.5%

High 0 0.0% 1.0 4.4%
Truck Route within 200m

No Nearby Truck Route 22.7 94.6% 23.4 97.5%

Nearby Truck Route 1.3 5.4% 0.6 2.5%

Table B. Unique Trips

by Destination Type

Day 1

Day 3

Description

Total

Walking  Biking

Transit

Vehicle Total

Walking

Biking

Transit

Vehicle

Total

7

12

Home

Work

Education
Volunteer
Pickup-Dropoff
Dining/Eating
Shopping/Retail
Services
Recreational/Exercise
Residential Visit
Community/Public
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Participant 304:

Profile: Male, Non-Hispanic, between 40-65 years old, psekarglish, completed

B.A. or higher

Household Compositior®ne young child (<5), two older children (6-1®uf adults
(18-65), no seniors (>65)
Work and TransportatianNVorks at home and away from home, three housetekl

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 215 89.8% 20.3 84.5% 20.5 85.5%

Outdoors 1 4.1% 2.0 8.2% 0.6 2.3%

In-Vehicle 15 6.2% 1.8 7.3% 2.9 12.2%
Travel & Mode

Not Traveling 22.5 93.8% 22.9 95.4% 21.7 90.4%

Walking 0.1 0.3% 0.0 0.0% 0.0 0.1%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 1.4 5.8% 1.1 4.6% 2.3 9.5%
Traffic Level within 200m

Low 0.3 1.4% 0.6 2.7% 2.4 10.0%

Medium 21.3 88.8% 23.3 97.3% 21.6 89.9%

High 2.3 9.8% 0.0 0.1% 0.0 0.1%
Truck Route within 200m

No Nearby Truck Route 21.7 90.2% 22.5 93.9% 23.8 99.4%

Nearby Truck Route 2.3 9.8% 1.5 6.1% 0.2 0.6%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking Transit _Vehicle Total| Walking  Biking Transit Vehicle, Total| Walking  Biking Transit _Vehicle,
Total 14 2 0 0 12 9 0 0 0 9 17 1 0 0 16
Home 3 0 0 0 3 2 0 0 0 2 4 0 0 0 4
Work 4 1 0 0 3 2 0 0 0 2 2 0 0 0 2
Education 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Volunteer 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pickup-Dropoff 0 0 0 0 0 0 0 0 0 0 4 0 0 0 4
Dining/Eating 2 1 0 0 1 1 0 0 0 1 2 1 0 0 1
Shopping/Retail 2 0 0 0 2 2 0 0 0 2 0 0 0 0 0
Services 2 0 0 0 2 0 0 0 0 0 1 0 0 0 1
Recreational/Exercise 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Residential Visit 1 0 0 0 1 1 0 0 0 1 4 0 0 0 4
Community/Public 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0
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Participant 305:

Profile: Female, Hispanic, between 40-65 years old, pr&pesnish, completed less

than high school

Household CompositioiNlo young children (<5), three older children (6;1Free
adults (18-65), no seniors (>65)

Work and TransportatiarHomemaker / student, two household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 16.5 68.5% 21.6 90.0% 22.7 94.8%

Outdoors 0.2 0.9% 1.4 5.8% 0.4 1.5%

In-Vehicle 7.3 30.5% 1.0 4.2% 0.9 3.8%
Travel & Mode

Not Traveling 16.8 69.8% 22.1 92.1% 23.1 96.3%

Walking 0 0.0% 1.0 4.0% 0.0 0.0%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 7.2 30.2% 0.9 3.9% 0.9 3.7%
Traffic Level within 200m

Low 23.9 99.7% 23.8 99.0% 22.5 93.7%

Medium 0.1 0.3% 0.2 1.0% 0.6 2.5%

High 0 0.0% 0.0 0.0% 0.9 3.8%
Truck Route within 200m

No Nearby Truck Route 0.8 3.4% 4.0 16.5% 3.0 12.5%

Nearby Truck Route 23.2 96.6% 20.0 83.5% 21.0 87.5%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking Transit _Vehicle Total| Walking  Biking Transit Vehicle, Total| Walking  Biking Transit _Vehicle,
Total 13 0| 0| 0 13 13 1 0| 0| 12 7 0 0 0| 7
Home 4 0| 0| 0 4 5 0 0| 0| 5| 3 0 0 0| 3|
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 0| 0| 0| 0 0 1 0 0| 0| 1 0 0 0 0| 0|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 4 0| 0| 0 4 4 0 0| 0| 4 1 0 0 0| 1
Dining/Eating 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping/Retail 3| 0| 0| 0 3 1 0 0| 0| 1 2 0 0 0| 2
Services 1 0| 0| 0 1 0 0 0| 0| 0| 0 0 0 0| 0|
Recreational/Exercise 0| 0| 0| 0 0 1 1 0| 0| 0| 0 0 0 0| 0|
Residential Visit 1 0| 0| 0 1 1 0 0| 0| 1 1 0 0 0| 1
Community/Public 0] 0] 0] 0 0 0 0 0| 0] 0| 0 0 0 0| 0|
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Participant 306:

Profile: Male, Non-Hispanic, between 21-39 years old, psekarglish, completed

B.A. or higher

Household Compositioillo young children (<5), no older children (6-1ffxee adults
(18-65), no seniors (>65)
Work and Transportatian_ooking for work, three household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 20.5 85.6% 22.2 92.4% 21.3 88.7%

Outdoors 2.2 9.2% 1.0 4.0% 2.3 9.8%

In-Vehicle 1.3 5.2% 0.9 3.6% 0.4 1.5%
Travel & Mode

Not Traveling 22.3 93.0% 22.9 95.2% 23.6 98.3%

Walking 0.4 1.8% 0.3 1.2% 0.1 0.2%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 1.3 5.2% 0.9 3.6% 0.4 1.5%
Traffic Level within 200m

Low 22.9 95.5% 21.6 89.9% 16.7 69.7%

Medium 0.9 3.8% 1.9 8.0% 7.3 30.3%

High 0.2 0.8% 0.5 2.1% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 23.8 99.4% 23.8 99.1% 24.0 100.0%

Nearby Truck Route 0.2 0.6% 0.2 0.9% 0.0 0.0%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking _ Transit _Vehicle Total| Walking  Biking _Transit _Vehicle, Total| Walking  Biking _ Transit _Vehicle,
Total 7 3| 0| 0 4 7 3 0| 0| 4 4 1 0 0| 3]
Home 2 1 0| 0 1 2 1 0| 0| 1 1 0 0 0| 1
Work 0 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 0 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Dining/Eating 1 1 0| 0 0 0 0 0| 0| 0| 1 0 0 0| 1
Shopping/Retail 0| 0| 0| 0 0 1 0 0| 0| 1 0 0 0 0| 0|
Services 1 1 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Recreational/Exercise 3| 0| 0| 0 3 2 1 0| 0| 1 0 0 0 0| 0|
Residential Visit 0| 0| 0| 0 0 2 1 0| 0| 1 2 1 0 0| 1
Community/Public 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
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Participant 307:

Profile: Female, Hispanic, between 40-65 years old, pr&pesish, completed some

college

Household Compositior®ne young child (<5), two older children (6-1%yotadults

(18-65), no seniors (>65)

Work and TransportatiarStudent / homemaker / volunteer, one househald ca

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and

Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 22.3 93.0% 22.0 91.7% 21.6 89.9%

Outdoors 14 5.6% 1.6 6.6% 2.0 8.5%

In-Vehicle 0.3 1.4% 0.4 1.7% 0.4 1.6%
Travel & Mode

Not Traveling 23 95.7% 22.5 93.8% 224 93.4%

Walking 0.8 3.1% 1.1 4.5% 1.3 5.4%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.4 1.7% 0.0 0.0%

Vehicle Travel 0.3 1.2% 0.0 0.0% 0.3 1.2%
Traffic Level within 200m

Low 24 99.9% 23.7 98.6% 24.0 100.0%

Medium 0 0.1% 0.3 1.4% 0.0 0.0%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 3.3 13.8% 5.4 22.4% 5.2 21.8%

Nearby Truck Route 20.7 86.2% 18.6 77.6% 18.8 78.2%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking Transit Vehicle Total| Walking  Biking Transit Vehicle Total| Walking  Biking Transit Vehicle
Total 9| 7| 0 0 2 13 10 0 3 0 16 11 0 0 5
Home 4 3| 0 0 1 6 5 0 1 0 4 3 0 0 1
Work 0| 0| 0 0 0 0 0 0 0 0 0 0 0 0 0
Education 0| 0| 0 0 0 0 0 0 0 0 0 0 0 0 0
Volunteer 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0
Pickup-Dropoff 2| 2| 0 0 0 3 3 0 0 0 3 2 0 0 1
Dining/Eating 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Shopping 1 1 0 0 0 0 0 0 0 0 5 3 0 0 2
Services 1 0| 0 0 1 0 0 0 0 0 2 1 0 0 1
Recreational/Exercise 0| 0| 0 0 0 0 0 0 0 0 0 0 0 0 0
Residential Visit 0| 0| 0 0 0 4 2 0 2 0 1 1 0 0 0
Community/Public 0| 0| 0 0 0 0 0 0 0 0 0 0 0 0 0
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Participant 308:

Profile: Female, Hispanic, between 21-39 years old, pr&pesish, completed high

school

Household Compositior®ne young child (<5), two older children (6-1%yotadults
(18-65), no seniors (>65)

Work and TransportatianNVorks at home / homemaker, two household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 211 87.7% 22.0 91.5% 22.0 91.6%

Outdoors 0.5 2.2% 0.2 0.8% 0.2 0.7%

In-Vehicle 2.4 10.1% 1.8 7.7% 1.8 7.6%
Travel & Mode

Not Traveling 22.7 94.7% 23.2 96.5% 23.3 96.9%

Walking 0.3 1.3% 0.0 0.0% 0.0 0.0%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 0.9 3.9% 0.8 3.5% 0.7 3.1%
Traffic Level within 200m

Low 23.9 99.5% 23.9 99.6% 23.9 99.6%

Medium 0.1 0.5% 0.1 0.4% 0.1 0.4%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 22.8 94.8% 23.5 97.9% 23.1 96.4%

Nearby Truck Route 1.2 5.2% 0.5 2.1% 0.9 3.6%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking Transit _Vehicle Total| Walking  Biking Transit Vehicle, Total| Walking  Biking Transit _Vehicle,
Total 14, 4 0| 0 10 10 0 0| 0| 10, 8 0 0 0| 8|
Home 5| 1 0| 0 4 4 0 0| 0| 4 2 0 0 0| 2
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 2 0| 0| 0 2 1 0 0| 0| 1 0 0 0 0| 0|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 4 0| 0| 0 4 5 0 0| 0| 5| 4 0 0 0| 4
Dining/Eating 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping 3| 3| 0| 0 0 0 0 0| 0| 0| 1 0 0 0| 1
Services 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Recreational/Exercise 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Residential Visit 0| 0| 0| 0 0 0 0 0| 0| 0| 1 0 0 0| 1
Community/Public 0] 0] 0] 0 0 0 0 0| 0] 0| 0 0 0 0| 0|
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Participant 309:

Profile: Female, Hispanic, between 21-39 years old, pr&pesish, completed high

school

Household Compositiomllo young children (<5), four older children (6-1&yo adults

(18-65), no seniors (>65)

Work and TransportatiarStudent / homemaker, one household car

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and

Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 22.3 92.9% 21.3 88.8% 21.0 87.5%

Qutdoors 1.7 7.1% 2.6 10.8% 1.7 7.0%

In-Vehicle 0 0.0% 0.1 0.4% 1.3 5.6%
Travel & Mode

Not Traveling 22.4 93.4% 21.9 91.4% 22.3 92.9%

Walking 1.6 6.6% 2.0 8.3% 0.5 2.2%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 0 0.0% 0.1 0.4% 1.2 5.0%
Traffic Level within 200m

Low 23.4 97.7% 23.1 96.2% 19.1 79.4%

Medium 0.6 2.3% 0.9 3.8% 4.3 17.9%

High 0 0.0% 0.0 0.0% 0.7 2.7%
Truck Route within 200m

No Nearby Truck Route 22.8 94.9% 23.0 95.7% 23.0 95.7%

Nearby Truck Route 1.2 5.1% 1.0 4.3% 1.0 4.3%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking Transit Vehicle Total| Walking  Biking Transit Vehicle Total| Walking  Biking Transit Vehicle
Total 10 10 0 0 0 14 13 0 0 1 13 5 0 0 8
Home 3| 3| 0 0 0 4 4 0 0 0 3 2 0 0 1
Work 0| 0| 0 0 0 0 0 0 0 0 0 0 0 0 0
Education 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0
Volunteer 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0
Pickup-Dropoff 2| 2| 0 0 0 1 1 0 0 0 0 0 0 0 0
Dining/Eating 0 0 0 0 0 1 1 0 0 0 2 1 0 0 1
Shopping/Retail 2| 2| 0 0 0 6 5 0 0 1 6 1 0 0 5
Services 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Recreational/Exercise 0| 0| 0 0 0 0 0 0 0 0 0 0 0 0 0
Residential Visit 0| 0| 0 0 0 0 0 0 0 0 2 1 0 0 1
Community/Public 0| 0| 0 0 0 0 0 0 0 0 0 0 0 0 0
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Participant 310:

Profile: Female, Hispanic, between 21-39 years old, pr&pesnish, completed less

than high school

Household Compositioidlo young children (<5), three older children (6;1Wo
adults (18-65), no seniors (>65)
Work and TransportatiarHomemaker and volunteer, one household car

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 21.8 90.9% 22.0 91.5% 21.9 91.4%

Outdoors 2.2 9.1% 1.6 6.8% 15 6.5%

In-Vehicle 0 0.0% 0.4 1.7% 0.5 2.2%
Travel & Mode

Not Traveling 22.5 93.9% 22.8 95.0% 22.7 94.8%

Walking 1.5 6.1% 0.9 3.7% 0.9 3.7%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 0 0.0% 0.3 1.4% 0.4 1.5%
Traffic Level within 200m

Low 35 14.6% 4.3 18.0% 5.0 20.7%

Medium 20.5 85.4% 19.7 82.0% 19.0 79.3%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 35 14.6% 4.3 18.1% 5.2 21.6%

Nearby Truck Route 20.5 85.4% 19.7 81.9% 18.8 78.4%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking _ Transit _Vehicle Total| Walking  Biking _Transit _Vehicle, Total| Walking  Biking _ Transit _Vehicle,
Total 6| 6| 0| 0 0 6 3 0| 0| 3| 10 3 0 0| 7
Home 2 2 0| 0 0 2 1 0| 0| 1 3 1 0 0| 2
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Volunteer 1 1 0| 0 0 1 1 0| 0| 0| 1 1 0 0| 0|
Pickup-Dropoff 1 1 0| 0 0 1 1 0| 0| 0| 1 1 0 0| 0|
Dining/Eating 0| 0| 0| 0 0 0 0 0| 0| 0| 1 0 0 0| 1
Shopping 0 0 0 0 0 2 0 0 0 2 2 0 0 0 2
Services 0| 0| 0| 0 0 0 0 0| 0| 0| 2 0 0 0| 2
Recreational/Exercise 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Residential Visit 2 2 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Community/Public 0] 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Participant 311:

Profile: Female, Hispanic, between 21-39 years old, pr&pesish, completed high

school

Household Compositior®ne young child (<5), three older children (6-1W adults

(18-65), no seniors (>65)

Work and TransportatiarStudent / working / homemaker / volunteer, twasehold

cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 21.2 88.5% 21.1 87.7% 21.9 91.4%

Outdoors 0.7 2.9% 2.1 8.7% 0.8 3.3%

In-Vehicle 2.1 8.5% 0.8 3.5% 1.3 5.3%
Travel & Mode

Not Traveling 22.6 94.1% 22.7 94.4% 22.7 94.7%

Walking 0.2 0.6% 0.7 2.9% 0.3 1.3%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 1.3 5.3% 0.6 2.6% 1.0 4.0%
Traffic Level within 200m

Low 23.4 97.6% 23.8 99.2% 23.8 99.3%

Medium 0.6 2.4% 0.2 0.8% 0.2 0.7%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 23.4 97.6% 23.9 99.6% 22.9 95.3%

Nearby Truck Route 0.6 2.4% 0.1 0.4% 1.1 4.7%
Table B. Unique Trips by Destination Type

Day 1 Day 3

Description Total| Walking  Biking Transit Vehicle Total| Walking Transit Vehicle, Total Biking Transit Vehicle]
Total 14, 2 0| 0 12 12 7 0| 0| 5| 12 4 0 0| 8|
Home 3| 0| 0| 0 3 5 3 0| 0| 2 3 1 0 0| 2
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 0| 0| 0| 0 0 1 1 0| 0| 0| 1 1 0 0| 0|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 5| 0| 0| 0 5 3 0 0| 0| 3| 5 0 0 0| 5|
Dining/Eating 1 0| 0| 0 1 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
Services 5| 2 0| 0 3 3 3 0| 0| 0| 2 2 0 0| 0|
Recreational/Exercise 0 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Residential Visit 0 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Community/Public 0] 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Participant 313:

Profile: Male, Hispanic, between 40-65 years old, prefeengh, completed high

school

Household CompositioiNlo young children (<5), no older children (6-1@je adult

(18-65), no seniors (>65)
Work and TransportatianNVorks away from home fulltime / homemaker, one

household car

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 17.3 72.1% 16.0 66.5% 19.8 82.4%

Outdoors 4.4 18.2% 4.1 17.1% 3.6 14.9%

In-Vehicle 2.3 3.9 16.4% 0.7 2.7%
Travel & Mode

Not Traveling 20 83.2% 20.4 84.9% 23.3 97.0%

Walking 0 0.0 0.0% 0.1 0.3%

Biking 1.7 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0 0.0% 0.0 0.0%

Vehicle Travel 2.3 3.6 15.1% 0.7 2.7%
Traffic Level within 200m

Low 20.7 86.3% 11.6 48.2% 17.0 71.0%

Medium 1.4 6.9 28.6% 0.2 0.9%

High 1.9 5.6 23.2% 6.7 28.0%
Truck Route within 200m

No Nearby Truck Route 5.7 23.8% 13.3 55.6% 7.3 30.5%

Nearby Truck Route 18.3 76.2% 10.7 44.4% 16.7 69.5%
Table B. Unique Trips by Destination Type

Day 1 Day 3

Description Total| Walking  Biking _ Transit _Vehicle Total Transit _Vehicle, Total Biking Transit _Vehicle]
Total 11 0| 3] 0 8 18 0 0| 0| 18, 6 2 0 0| 4
Home 2 0| 1 0 1 3 0 0| 0| 3| 1 0 0 0| 1
Work 3| 0| 0| 0 3 5 0 0| 0| 5| 0 0 0 0| 0|
Education 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 0| 0| 0| 0 0 1 0 0| 0| 1 0 0 0 0| 0|
Dining/Eating 2 0| 0| 0 2 4 0 0| 0| 4 1 0 0 0| 1
Shopping/Retail 1 0| 0| 0 1 4 0 0| 0| 4 1 1 0 0| 0|
Services 1 0| 0| 0 1 0 0 0| 0| 0| 2 1 0 0| 1
Recreational/Exercise 2 0| 2 0 0 1 0 0| 0| 1 1 0 0 0| 1
Residential Visit 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Community/Public 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
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Participant 314:

Profile: Female, Hispanic, between 40-65 years old, pr&pesnish, completed less

than high school

Household Compositior®ne young child (<5), one older child (6-17), tadults (18-

65), no seniors (>65)

Work and TransportatiarHomemaker, two household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 19.1 79.4% 18.7 77.9% 20.1 83.6%

Outdoors 3.3 13.9% 35 14.8% 2.9 12.3%

In-Vehicle 1.6 6.7% 1.8 7.3% 1.0 4.1%
Travel & Mode

Not Traveling 21.9 91.5% 20.4 85.0% 21.4 89.3%

Walking 0.5 1.9% 1.9 7.7% 1.6 6.6%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 1 4.0% 0.2 1.0% 0.9 3.7%

Vehicle Travel 0.6 2.6% 1.5 6.3% 0.1 0.4%
Traffic Level within 200m

Low 21.9 91.2% 21.2 88.3% 23.3 97.1%

Medium 0.5 2.1% 1.6 6.8% 0.2 0.8%

High 1.6 6.6% 1.2 5.0% 0.5 2.1%
Truck Route within 200m

No Nearby Truck Route 22.1 92.1% 21.9 91.4% 23.1 96.1%

Nearby Truck Route 1.9 7.9% 2.1 8.6% 0.9 3.9%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking _ Transit _Vehicle Total| Walking  Biking _Transit _Vehicle, Total| Walking  Biking _ Transit _Vehicle,
Total 16, 8| 0| 5 3 17 10 0| 2 5| 16 10 0 5| 1
Home 6 3| 0| 2 1 4 2 0| 0| 2 4 2 0 1 1
Work 0 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 0 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 6| 4 0| 2 0 6 4 0| 2 0| 6 4 0 2 0|
Dining/Eating 0| 0| 0| 0 0 1 0 0| 0| 1 0 0 0 0| 0|
Shopping/Retail 4 1 0| 1 2 3 2 0| 0| 1 4 2 0 2 0|
Services 0| 0| 0| 0 0 1 0 0| 0| 1 0 0 0 0| 0|
Recreational/Exercise 0| 0| 0| 0 0 1 1 0| 0| 0| 1 1 0 0| 0|
Residential Visit 0| 0| 0| 0 0 1 1 0| 0| 0| 1 1 0 0| 0|
Community/Public 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
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Participant 315:

Profile: Female, Hispanic, between 21-39 years old, pr&pesish, completed high

school

Household Compositior®ne young child (<5), four older children (6-1&yp adults
(18-65), no seniors (>65)
Work and TransportatianNVorks at home / homemaker, two household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 211 88.1% 221 92.0% 22.7 94.7%

Outdoors 0.2 0.8% 0.8 3.2% 0.1 0.4%

In-Vehicle 2.7 11.1% 1.1 4.8% 1.2 4.8%
Travel & Mode

Not Traveling 22.9 95.4% 23.6 98.2% 23.3 97.0%

Walking 0 0.0% 0.1 0.6% 0.0 0.0%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 1.1 4.6% 0.3 1.2% 0.7 3.0%
Traffic Level within 200m

Low 24 100.0% 21.9 91.2% 23.5 97.7%

Medium 0 0.0% 2.1 8.8% 0.5 2.3%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 3.2 13.4% 0.2 0.6% 1.4 5.6%

Nearby Truck Route 20.8 86.5% 23.8 99.4% 22.6 94.4%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking Transit _Vehicle Total| Walking  Biking Transit Vehicle, Total| Walking  Biking Transit _Vehicle,
Total 7 0| 0| 0 7 7 2 0| 0| 5| 6 0 0 0| 6|
Home 1 0| 0| 0 1 1 0 0| 0| 1 1 0 0 0| 1
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 2 0| 0| 0 2 0 0 0| 0| 0| 2 0 0 0| 2
Dining/Eating 2 0| 0| 0 2 1 1 0| 0| 0| 1 0 0 0| 1
Shopping 0| 0| 0| 0 0 2 0 0| 0| 2 1 0 0 0| 1
Services 1 0| 0| 0 1 3 1 0| 0| 2 1 0 0 0| 1
Recreational/Exercise 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Residential Visit 1 0| 0| 0 1 0 0 0| 0| 0| 0 0 0 0| 0|
Community/Public 0] 0] 0] 0 0 0 0 0| 0] 0| 0 0 0 0| 0|
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Participant 316:
Profile: Male, Hispanic, between 21-39 years old, prefeeng&, completed less than
high school
Household Compositioidlo young children (<5), two older children (6-1&yp adults
(18-65), no seniors (>65)
Work and TransportatiarDisabled or unable to work, one household car

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 18.4 76.7% 20.4 85.1% 20.1 83.9%

Outdoors 4.1 17.1% 3.4 14.2% 3.6 15.2%

In-Vehicle 1.5 6.2% 0.2 0.6% 0.2 0.9%
Travel & Mode

Not Traveling 225 93.5% 23.6 98.3% 23.3 97.2%

Walking 0.2 0.8% 0.2 1.0% 0.4 1.8%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 1.4 5.6% 0.2 0.6% 0.2 0.9%
Traffic Level within 200m

Low 23.3 97.0% 24.0 100.0% 24.0 100.0%

Medium 0.2 0.7% 0.0 0.0% 0.0 0.0%

High 0.6 2.3% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 23.3 96.9% 24.0 100.0% 24.0 100.0%

Nearby Truck Route 0.7 3.1% 0.0 0.0% 0.0 0.0%

Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3
Description Total| Walking  Biking Transit _Vehicle Total| Walking  Biking Transit Vehicle, Total| Walking  Biking Transit _Vehicle,
Total 14 2 0| 0 12 4 2 0| 0| 2 6 3 0 0| 3|
Home 4 1 0| 0 3 2 1 0| 0| 1 2 1 0 0| 1
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 2 1 0| 0 1 1 1 0| 0| 0| 1 1 0 0| 0|
Dining/Eating 2 0| 0| 0 2 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping/Retail 1 0| 0| 0 1 0 0 0| 0| 0| 1 1 0 0| 0|
Services 2 0| 0| 0 2 0 0 0| 0| 0| 0 0 0 0| 0|
Recreational/Exercise 1 0 0 0 1 1 0 0 0 1 1 0 0 0 1
Residential Visit 2 0| 0| 0 2 0 0 0| 0| 0| 1 0 0 0| 1
Community/Public 0] 0] 0] 0 0 0 0 0| 0] 0| 0 0 0 0| 0|
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Participant 317:

Profile: Female, Hispanic, between 40-65 years old, pr&pesnish, completed less

than high school

Household Compositior®ne young child (<5), one older children (6-1Wo tadults
(18-65), no seniors (>65)
Work and TransportatianNVorks at home / homemaker, no household car

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 21 87.6% 21.3 88.6% 22.5 93.8%

Outdoors 0.6 2.6% 2.4 10.0% 1.5 6.2%

In-Vehicle 2.4 9.8% 0.3 1.4% 0.0 0.0%
Travel & Mode

Not Traveling 21.5 89.7% 22.4 93.4% 22.5 93.8%

Walking 0.2 0.7% 1.2 5.2% 1.5 6.2%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 1.8 7.5% 0.3 1.4% 0.0 0.0%

Vehicle Travel 0.5 2.1% 0.0 0.0% 0.0 0.0%
Traffic Level within 200m

Low 22.5 93.9% 23.4 97.5% 24.0 100.0%

Medium 15 6.1% 0.6 2.5% 0.0 0.0%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 23.6 98.5% 21.9 91.1% 24.0 100.0%

Nearby Truck Route 0.4 1.5% 2.1 8.9% 0.0 0.0%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking Transit _Vehicle Total| Walking  Biking Transit Vehicle, Total| Walking  Biking Transit _Vehicle,
Total 7 2 0| 3 2 15 11 0| 4 0| 4 4 0 0| 0|
Home 1 0| 0| 0 1 4 3 0| 1 0| 2 2 0 0| 0|
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Dining/Eating 0| 0| 0| 0 0 3 2 0| 1 0| 0 0 0 0| 0|
Shopping 0 0 0 0 0 7 5 0 2 0 2 2 0 0 0
Services 0| 0| 0| 0 0 1 1 0| 0| 0| 0 0 0 0| 0|
Recreational/Exercise 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Residential Visit 6| 2 0| 3 1 0 0 0| 0| 0| 0 0 0 0| 0|
Community/Public 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
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Participant 318:

Profile: Female, Hispanic, between 21-39 years old, pr&pesnish, completed less

than high school

Household Compositior®ne young child (<5), one older child (6-17), tadults (18-

65), no seniors (>65)

Work and TransportatiarStudent without working / homemaker, one housglealr

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 21.9 91.4% 22.8 95.2% 21.7 90.3%

Outdoors 0.6 2.7% 0.9 3.7% 1.0 4.0%

In-Vehicle 1.4 6.0% 0.3 1.1% 14 5.7%
Travel & Mode

Not Traveling 22.4 93.2% 22.9 95.6% 22.6 94.4%

Walking 0.2 0.8% 0.8 3.4% 0.2 0.9%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.1 0.3% 0.0 0.0%

Vehicle Travel 1.4 6.0% 0.2 0.6% 1.1 4.8%
Traffic Level within 200m

Low 22.8 95.2% 24.0 100.0% 23.4 97.5%

Medium 1 4.1% 0.0 0.0% 0.3 1.2%

High 0.2 0.7% 0.0 0.0% 0.3 1.3%
Truck Route within 200m

No Nearby Truck Route 23.6 98.1% 23.9 99.4% 23.6 98.4%

Nearby Truck Route 0.4 1.9% 0.1 0.6% 0.4 1.6%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking _ Transit _Vehicle Total| Walking  Biking _Transit _Vehicle, Total| Walking  Biking _ Transit _Vehicle,
Total 9| 2 0| 0 7 12 9 0| 1 2 11 4 0 0| 7
Home 2 1 0| 0 1 5 4 0| 1 0| 4 2 0 0| 2
Work 2 0| 0| 0 2 1 0 0| 0| 1 2 0 0 0| 2
Education 1 1 0| 0 0 1 1 0| 0| 0| 0 0 0 0| 0|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 0| 0| 0| 0 0 1 1 0| 0| 0| 3 1 0 0| 2
Dining/Eating 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping/Retail 0| 0| 0| 0 0 2 2 0| 0| 0| 1 0 0 0| 1
Services 2 0| 0| 0 2 0 0 0| 0| 0| 0 0 0 0| 0|
Recreational/Exercise 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Residential Visit 2 0| 0| 0 2 2 1 0| 0| 1 1 1 0 0| 0|
Community/Public 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
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Participant 319:

Profile: Female, Hispanic, between 21-39 years old, pr&pesnish, completed less

than high school

Household Compositiorfwo young children (<5), one older child (6-1%yptadults
(18-65), no seniors (>65)
Work and TransportatianNVorks at home / homemaker, two household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 221 92.0% 23.0 95.7% 20.6 85.7%

Outdoors 1.6 6.7% 1.0 4.3% 2.0 8.4%

In-Vehicle 0.3 1.3% 0.0 0.0% 14 5.8%
Travel & Mode

Not Traveling 22.9 95.3% 23.3 96.9% 22.3 93.0%

Walking 0.9 3.5% 0.7 3.1% 0.3 1.4%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 0.3 1.1% 0.0 0.0% 1.3 5.6%
Traffic Level within 200m

Low 23.1 96.4% 22.2 92.6% 15.8 66.0%

Medium 0 0.0% 0.0 0.0% 7.8 32.7%

High 0.9 3.6% 1.8 7.4% 0.3 1.3%
Truck Route within 200m

No Nearby Truck Route 18.8 78.2% 22.2 92.4% 16.1 67.0%

Nearby Truck Route 5.2 21.8% 1.8 7.6% 7.9 33.0%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking Transit _Vehicle Total| Walking  Biking Transit Vehicle, Total| Walking  Biking Transit _Vehicle,
Total 17 13 0 0 4 8 8 0 0 0 11 4 0 0 7
Home 4 3 0 0 1 3 3 0 0 0 4 2 0 0 2
Work 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Education 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0
Volunteer 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pickup-Dropoff 3 3 0 0 0 4 4 0 0 0 2 1 0 0 1
Dining/Eating 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Shopping/Retail 4 3 0 0 1 0 0 0 0 0 0 0 0 0 0
Services 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0
Recreational/Exercise 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Residential Visit 5 4 0 0 1 1 1 0 0 0 3 0 0 0 3
Community/Public 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
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Participant 320:

Profile: Female, Hispanic, between 21-39 years old, pr&pesnish, completed less

than high school

Household Compositior®ne young child (<5), four older children (6-1&yp adults
(18-65), no seniors (>65)
Work and TransportatianNVorks at home / homemaker, two household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 215 89.6% 24.0 100.0% 23.4 97.3%

Outdoors 2.1 8.9% 0.0 0.0% 0.1 0.5%

In-Vehicle 0.3 1.4% 0.0 0.0% 0.5 2.2%
Travel & Mode

Not Traveling 23.8 99.1% 24.0 100.0% 23.7 98.8%

Walking 0 0.2% 0.0 0.0% 0.0 0.0%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 0.2 0.7% 0.0 0.0% 0.3 1.2%
Traffic Level within 200m

Low 24 100.0% 24.0 100.0% 24.0 99.8%

Medium 0 0.0% 0.0 0.0% 0.0 0.2%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 23.5 98.1% 24.0 100.0% 23.8 99.2%

Nearby Truck Route 0.5 1.9% 0.0 0.0% 0.2 0.8%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking _ Transit _Vehicle Total| Walking  Biking _Transit _Vehicle, Total| Walking  Biking _ Transit _Vehicle,
Total 6| 2 0| 0 4 0 0 0| 0| 0| 3 0 0 0| 3]
Home 1 0| 0| 0 1 0 0 0| 0| 0| 1 0 0 0| 1
Work 0 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 0 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 0| 0| 0| 0 0 0 0 0| 0| 0| 1 0 0 0| 1
Dining/Eating 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping 1 0| 0| 0 1 0 0 0| 0| 0| 0 0 0 0| 0|
Services 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Recreational/Exercise 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Residential Visit 4 2 0| 0 2 0 0 0| 0| 0| 1 0 0 0| 1
Community/Public 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
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Participant 321.:

Profile: Female, Non-Hispanic, between 21-39 years oldepseEnglish, completed

B.A. or higher

Household Compositioidlo young child (<5), no older children (6-17),gbradults
(18-65), no seniors (>65)
Work and TransportatiarStudent and working, three household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 23.3 97.1% 20.2 84.0% 20.3 84.6%

Outdoors 0 0.0% 0.3 1.3% 1.4 6.0%

In-Vehicle 0.7 2.9% 3.5 14.7% 2.3 9.4%
Travel & Mode

Not Traveling 23.3 97.1% 21.0 87.3% 22.0 91.7%

Walking 0 0.0% 0.0 0.0% 0.3 1.3%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 0.7 2.9% 3.0 12.7% 1.7 7.0%
Traffic Level within 200m

Low 20.6 85.9% 23.2 96.5% 18.2 75.7%

Medium 34 14.1% 0.8 3.5% 5.8 24.3%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 23.7 98.9% 23.6 98.2% 23.5 98.0%

Nearby Truck Route 0.3 1.1% 0.4 1.8% 0.5 2.0%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking _ Transit _Vehicle Total| Walking  Biking _Transit _Vehicle, Total| Walking  Biking _ Transit _Vehicle,
Total 2 0| 0| 0 2 8 0 0| 0| 8| 9 3 0 0| 6|
Home 1 0| 0| 0 1 1 0 0| 0| 1 1 0 0 0| 1
Work 1 0| 0| 0 1 1 0 0| 0| 1 1 0 0 0| 1
Education 0 0| 0| 0 0 0 0 0| 0| 0| 2 1 0 0| 1
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 0| 0| 0| 0 0 3 0 0| 0| 3| 0 0 0 0| 0|
Dining/Eating 0| 0| 0| 0 0 1 0 0| 0| 1 1 0 0 0| 1
Shopping 0| 0| 0| 0 0 1 0 0| 0| 1 1 0 0 0| 1
Services 0| 0| 0| 0 0 0 0 0| 0| 0| 3 2 0 0| 1
Recreational/Exercise 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Residential Visit 0| 0| 0| 0 0 1 0 0| 0| 1 0 0 0 0| 0|
Community/Public 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
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Participant 322:

Profile: Female, Hispanic, between 21-39 years old, pr&pesish, completed high

school

Household Compositior®ne young child (<5), no older children (6-17Yein adults
(18-65), no seniors (>65)
Work and TransportatianNVorks at home / homemaker, two household cars

Table A. Hours and Percent of Day by Microenvironmat, Travel Mode and
Proximity to Traffic and Truck Routes

Day 1 Day 2 Day 3
Hours %Time Hours %Time Hours %Time

Microenvironment

Indoors 23.7 99.0% 22.7 94.6% 18.9 78.7%

Outdoors 0.3 1.0% 1.2 4.9% 3.4 14.2%

In-Vehicle 0 0.0% 0.1 0.5% 1.7 7.2%
Travel & Mode

Not Traveling 23.7 99.0% 22.9 95.4% 22.7 94.5%

Walking 0.3 1.0% 1.0 4.2% 0.3 1.4%

Biking 0 0.0% 0.0 0.0% 0.0 0.0%

Transit Travel 0 0.0% 0.0 0.0% 0.0 0.0%

Vehicle Travel 0 0.0% 0.1 0.3% 1.0 4.0%
Traffic Level within 200m

Low 24 100.0% 24.0 100.0% 23.5 97.8%

Medium 0 0.0% 0.0 0.0% 0.5 2.2%

High 0 0.0% 0.0 0.0% 0.0 0.0%
Truck Route within 200m

No Nearby Truck Route 0 0.1% 0.6 2.4% 2.6 10.7%

Nearby Truck Route 24 99.9% 23.4 97.6% 21.4 89.3%
Table B. Unique Trips by Destination Type

Day 1 Day 2 Day 3

Description Total| Walking  Biking Transit Vehicle Total| Walking  Biking Transit Vehicle, Total| Walking  Biking Transit Vehicle,
Total 4 4 0| 0 0 7 6 0| 0| 1 11 6 0 0| 5|
Home 1 1 0| 0 0 3 2 0| 0| 1 4 3 0 0| 1
Work 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Education 0| 0| 0| 0 0 0 0 0| 0| 0| 2 2 0 0| 0|
Volunteer 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Pickup-Dropoff 2 2 0| 0 0 2 2 0| 0| 0| 1 1 0 0| 0|
Dining/Eating 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Shopping 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0
Services 0| 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Recreational/Exercise 0 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
Residential Visit 1 1 0| 0 0 0 0 0| 0| 0| 4 0 0 0| 4
Community/Public 0 0| 0| 0 0 0 0 0| 0| 0| 0 0 0 0| 0|
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11.2 In-Home Particle Number Concentrations (Particlesi?)
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11.3 In-Home Particle Mass Measurements (Ug) m
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NOTE: “Open doors/windows” indicates at least oraswpen/cracked, “Closed doors/windows” indicates

smell of

human activity including

smell of recent smoking,

visible oceat stove or microwave cooking, CLN

active ceilwgdow or floor fan, HACT

all were closed during monitoring, CK
cleaning or cosmetic products, FAN

walking/playing near instrument or recent consiarctn/near unit, SMK

traffic proximity (approximate), WH=indoor wateeater

TRP=
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